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ADDENDUM  TO  SECTION  IV,  CONCLUSIONS 


At  the  time  the  final  report  was  prepared  six  valves  were  still  under¬ 
going  qualification  tests.  The  six  units  are  as  follows! 

1.  Relief  valve  -  25  0PM  -  Benbow  Manufacturing  Company 

2.  Tito  way,  two  position  selector  valve  -  25  0PM  -  ^dro  Aire 
Conqjany 

3.  Three  way,  two  position  selector  valve  -  25  GFM  -  Ifydro  Aire 
Conqrany 

4.  Solenoid  operated  sequence  valve  -  12  0PM  -  %dro  Aire  Company 

5.  Four  way,  three  position  selector  valve  -  12  GPM  -  Ronson  HydJ’aulic 
IMts  Corporation 

6.  Priority  valve  -  4  GFM  -  Fluid  Regulators  Corporation 

Each  of  these  vmits  had  been  plagued  with  development  problems  which 
delayed  the  start  of  qualification.  Several  major  design  changes  were  made 
in  each  valve.  This,  of  course,  required  that  new  hardware  be  fabricated 
each  time  a  design  change  was  found  necessary.  The  problems  encountered 
were  typical  of  those  discussed  in  Section  III.  The  costs  incurred  by  the 
manufacturers  of  these  xmits  rose  appreciably  because  of  the  prolonged  de¬ 
velopment  period. 

Only  item  3t  the  face  mounted  four  way  valve,  successfully  completed 
qualification  and  is  recommended  for  the  qualified  parts  list. 

Item  1,  the  pilot  operated  relief  valve,  failed  in  the  endurance  test 
by  hanging  in  the  open  position.  The  cause  of  failure  appeared  to  be 
dimensional  instability  of  valve  body  and  sliderj  therefore,  a  second  valve 
was  fabricated  adhering  to  the  heat  treating  practices  discvissed  in  Section 
III.  This  \mit  was  subjected  to  the  entire  series  of  qualification  tests 


only  to  fail  during  the  last  portion  of  vibration  test.  Once  again  galling 
had  occurred.  The  valve  had  an  extremely  flat  flow  versus  pressure  drop 
curve.  While  the  unit  holds  much  promise,  further  study  of  the  materials 
used  is  needed  to  overcome  its  tendency  to  gall. 

Items  2,  3>  0n<i  ^  were  being  qualified  simultaneously  (in  the  same 
set  up),  but  each  experienced  failures.  Solenoid  failures  were  the  major 
problem  with  these  units.  Development  of  these  three  units  has  been 
terminated  at  the  request  of  the  manufacturer. 

Item  6,  the  priority  valve,  entered  qualification  but  subsequently 
began  to  function  erratically.  Rework  and  ftirther  development  did  not 
yield  a  valve  which  met  requirements  of  the  procurement  specification. 

One  sliding  member  within  the  valve  has  a  very  thin  wall  which  is  sub¬ 
jected  to  unbalanced  pressures.  The  resulting  distortion  is  sufficient  to 
bind  the  slider  and  mating  parts.  Development  has  been  cancelled  at  the 
request  of  the  manufacturer. 

Hardware  produced  has  now  been  forwarded  to  the  Hydraulics  Laboratory 
at  the  U.S.  Naval  Air  Material  Center. 
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This  Is  the  final  report  of  a  research  and  development  program 
sponsored  hy  the  Airborne  PJqulpment  Division  of  the  Bureau  of  Naval 
Weapons  for  the  development  of  Modular  Hydraulic  components  and  concepts. 
The  program  Is  Infoimally  caUed  "Project  Hyd.ratoy’'  and  •was  Initiated  In 
December  of  1958.  The  technical  monitor  for  the  program  was  Mr.  B,  L. 
Mettee  of  the  Airborne  Equipment  D1  ■vision. 

Tn  "^neral  terras,  the  program's  basic  objectives  are  to: 


1.  P.  4ige  groups  of  individual  components  into  one  housing  to  save 
weight  and  space  and  to  gain  reliability. 

2.  Make  the  use  of  packages  more  attractive  and  to  simplify  instal¬ 
lation  and  maintenance  by  pro-vlding  a  standard  line  of  self- 
contained  cartridge- like  components  for  use  In  these  packages. 


3.  Carry  this  integration  one  step  further  and  investigate  ways  and 
means  of  physically  integrating  the  complete  hydraulic  system 
into  its  supporting  structure. 

h.  Develop  the  above  concepts  for  a  U50°P,  4,000  psi  hydraulic  sys¬ 
tem  using  corrosion-resistant  raateilals  and  metallic  seals. 


TI:ii'>  report  Is  publlshdd  in  four  separately  bound  parts: 

Part  I  contains  results  of  metallic  seal  and  package  development. 

Fart  II  presents  results  of  modular  component  development  and  the 
speci'fLcations  and  standards  for  those  components, 

Bart  III  con-tains  results  of  development  in  the  integrated  system 
concept  and  design  criteria  for  that  concept. 


Q.tirt  IV  is  a  report  of  materials  and  process  development  v^ich 
occurred  in  conjunction  with  and  as  a  result  of  development  effort 
in  me-tallic  seals,  packages,  congjonents,  and  system  integration. 
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NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used 
for  any  purpose  other  than  in  connection  with  a  definitely  related 
Government  procurement  operation,  the  United  States  Government  thereby 
Inctirs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact 
that  the  Government  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other  data  is  not  to 
be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacture,  use,  or  sell  any  patented 
Invention  that  may  in  any  way  be  related  thereto. 

This  document  may  not  be  reproduced  or  published  in  whole  or 
in  part  without  prior  approval  of  the  Government. 
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INTRODUCTION 


The  modular  hydraulic  program  was  Initiated  for  the  purpose  of 
improving  aircraft  hydraulic  systems  through  the  use  of  the  packaged 
system  concept.  The  potential  improvements  to  be  realized  are:  a 
reduction  in  space  requirements;  Improved  system  reliability  through 
reduction  in  leak  points;  improved  system  maintenance;  reduction  in 
system  weight;  and  reduced  logistical  effort  through  standardization 
of  components. 

The  objective  of  Phase  II  was  to  develop  and  qualify  a  series  of 
modular  hydraulic  components  for  application  in  Type  III,  packaged 
systems.  It  was  required  that  the  components  be  capable  of  continuous 
operation  in  MLO-82OO  fluid  at  450“F  with  ambient  temperature  of  650®P. 
The  development  and  qualification  of  the  series  of  components  was 
accomplished  through  the  combined  efforts  of  Chance  Vought  Corporation 
and  a  large  segment  of  the  hydraulic  equipment  industry.  A  total 
of  twenty  components  have  successfully  completed  qualification  tests 
and  are  suitable  for  use  in  Type  III  systems  with  growth  potential 
for  Type  IV  systems. 
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DESIGN  PEELOSOPICf 

Previous  hydraulic  package  designs  had  been  for  specific  applications 
with  no  attempt  to  standardize  the  valves  which,  with  a  manifold,  made 
up  the  package.  The  objective  of  this  phase  was  to  develop  and  qualify 
sample  units  of  a  selected  list  of  hydraulic  components  which  are  used 
in  most  systems.  Originally  a  high  temperature  capability  of  kOO^P 
was  selected  for  this  program  to  agree  with  the  temperature  range 
arbitrarily  established  for  the  TVpe  III  system.  However,  when  it  be-  . 
came  apparent  that  actual  aircraft  being  developed  by  North  American 
Aviation  for  the  Air  Force  would  require  450“F  capability,  it  was  decided 
that  an  increase  to  this  value  would  result  in  more  usable  standards. 

This  decision  meant  that  the  valves  had  to  be  designed  around  metallic 
seals  rather  than  elastomeric  seals  and  that  MLO-8200  hydraulic  fluid 
would  be  used  instead  of  MIjO-8515  fluid.  The  nominal  system  pressure 
was  selected  to  be  4,000  psi.  Burst  pressure  was  taken  as  10,000  psi 
at  room  temperature  while  proof  pressure  was  taken  as  6,000  psi  at  450°F. 

In  order  to  coordinate  the  development  work  being  done  on  the 
modular  hydraulics  program  with  the  weapon  systems  being  designed  by 
both  Air  Force  and  Navy  Contractors,  an  industry  conference  was  held  at 
Chance  Vought  on  January  19th  and  20th,  1959*  Ih  addition  to  the  pre¬ 
viously  mentioned  grouind  rules  the  following  decisions  were  reached  at 
the  conference: 

(1)  Vibration  tests  will  be  required  as  a  part  of  qualification 


of  each  component. 
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(a)  Components  must  be  capable  of  operation  with  the  fluid 
temperature  from  -65  to  +  450“F  but  should  not  be  required  to  meet 
response  requirements,  pressure  drop  requirements,  et  cetera,  below 
-20“P. 

(3)  The  usual  I68  hour  soak  at  high  temperature  is  not  required 
as  a  part  of  qualification  since  metallic  seals  are  used  in  place  of 
elastomeric  seals. 

(4)  The  components  should  be  a  stepped  configuration  with  the 
metallic  seals  located  on  these  steps.  The  step  design  makes  it  im¬ 
possible  to  install  a  valve  backward  in  a  manifold. 

(5)  Only  one  unit  of  each  type  and  size  need  imdergo  qualification. 
Maximum  and  minimum  tolerance  units  are  usually  qualified  to  verify  the 
design  under  conditions  of  varying  ”0''  ring  squeeze.  This,  it  was  felt, 
is  not  necessary  when  metallic  seals  are  used.  A  mathematical  analysis 
of  clearances  is  required  to  show  that  seizure  of  mating  parts  will  not 
occur  when  the  parts  are  made  to  the  extremes  of  tolerance  permitted 

by  detail  drawings. 

The  components  selected  for  development  are  listed  in  Table  1. 

Many  of  these  units  were  developed  in  several  sizes  to  handle  different 
flow  rates  (O  to  4  GIW,  4  to  12  GIM,  or  12  to  25  GIM)  or  different 
pressure  ranges.  Each  xxnit  was  designed  to  incorporate  a  different  size 
thread  or  some  other  device  to  prevent  one  unit  from  inadvertently  being 
installed  in  the  cavity  intended  for  a  different  type  of  component.  This 
feature  should  improve  system  reliability  by  making  it  impossible  for 
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TABLE  1 


COMPONENTS  SELECTED  FOR  DEVELOPMENT 


Components 

Sizes 

Number  of  Vendor 
Contracts 

Total  Units 

(1) 

thermal  relief  valve 

3 

3 

9 

(2) 

pressure  relief  valve 

2 

2 

6 

(3) 

check  valve 

3 

3 

9 

(4) 

shuttle  valve 

3 

3 

9 

(5) 

one  way  restrictor 

1 

1 

3 

(6) 

two  way  restrictor 

1 

1 

3 

(7) 

filter 

3 

3 

9 

(8) 

priority  valve 

3 

3 

9 

(9) 

pressure  operated  shut-off 
valve 

3 

3 

9 

(10) 

pressure  switch 

1 

1 

3 

(U) 

solenoid  operated  sequence 
valve 

2 

2 

6 

(12) 

solenoid  operated  shut-off 
valve 

1 

2 

6 

(13) 

solenoid  operated  3  way 

2  position  valve 

2 

3 

9 

(14) 

solenoid  operated  4  way 

3  position  valve 

3 

3 

9 

Totals 

31 

33 

99 
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maintenance  personnel  to  install  the  wrong  valve  or  to  Install  a  given 
valve  backwards .  Each  cartridge  valve  has  been  designed  as  a  self-con¬ 
tained  component  which  may  be  removed  from  one  package  and  installed  in 
another  without  disassembly,  readjustment  of  setting,  or  impairment 
of  function.  Many  packaged  systems  utilize  an  approach  wherein  poppets, 
springs  and  other  items  making  up  a  valve  are  assembled  directly  into 
the  package  instead  of  being  self-contained.  This  approach  is  not 
con^patible  with  the  goals  of  standardization,  ease  of  system  maintenance, 
reliability,  and  low  Overall  cost  which  are  possible  through  the  packaged 
system  concept. 

Components  are  generally  qualified  in  exceptionally  clean  systems 
which  are  not  typical  of  the  systems  in  operational  aircraft.  It  is 
desirable  that  components  be  qualified  in  a  system  which  is  as  much  as 
possible  like  the  system  in  which  they  will  be  used.  To  assure  that  the 
modular  valves  would  be  tolerant  of  contamination,  a  controlled  amount 
of  contaminant  was  added  to  the  qualification  test  systems. 

A  cavity  was  established  for  each  component  to  assure  proper  fit 
of  the  module  in  the  package  and  proper  squeeze  on  the  metallic  seals. 

t 

These  cavities  may  be  seen  in  the  suggested  MS  pages  enclosed  in  the 
appendix  to  this  report.  To  eliminate  the  possibility  of  installing 
the  wrong  size  or  type  component,  each  cavity  differs  for  all  sizes  and 
types  of  component,  A  thin-walled  test  housing  was  designed  for  each 
component  and  forwarded  to  the  vendors  as  suggested  test  housings  for 
qualification  tests.  The  thin-walled  test  housing  simulates  the  type  of 
manifold  which  is  used  in  flying  hydraulic  systems. 


II 


DBVBLOfMBNT  FROCEDtJRE 

Immediately  following  the  conference  of  Naval,  Air  T^orce,  and  air¬ 
frame  maniifacturer  representatives  a  symposium  was  held  with  150  repre¬ 
sentatives  of  the  hydraulic  equipment  industry  to  present  a  briefinc  on 
Project  Hydratoy,  to  exchange  ideas,  and  to  gather  opinions.  At  this 
syn^josium  a  minimum  requirement  specification  was  distributed  to  all 
interested  vendors  and  non-competitive,  preliminaiy  proposals  were 
invited  to  aid  in  establishment  of  envelopes.  Upon  receipt  of  these 
preliminary  proposals  Chance  Vought  Corporation  began  an  evaluation  with 
a  view  toward  determining  the  minimum  reasonable  envelope  for  the  most 
feasible  designs  proposed.  A  procurement  specification  and  an  envelope 
control  drawing  were  then  prepared  for  each  component.  These  were  sent 
to  each  vendor  who  submitted  a  preliminary  proposal.  Upon  receipt  of 
the  final  proposals  the  bids  were  reviewed,  designs  were  reviewed,  and 
a  selection  of  vendors  was  made  jointly  by  the  Bureau  of  Naval  Weapons 
and  Chance  Vought  Corporation.  Table  2  lists  the  manufacturers  who  sub¬ 
mitted  a  proposal  on  each  specific  valve.  Contract  awards  were  then 
made  for  the  development  and  qualification  of  the  components.  Each  con¬ 
tract  specified  that  three  components  of  each  type  were  to  be  manufactured. 
One  became  the  qualification  unit  while  the  other  two  were  subjected  to 
acceptance  teste  by  Chance  Vought.  The  knowledge  gained  throughout  the 
development  and  qualification  programs  was  fed  back  for  incorporation 
into  the  MIL  type  specification  and  MS  type  drawing  which  has  been  pre¬ 
pared  for  each  component.  The  complete  set  of  specifications  and  suggested 
MS  standards  may  be  seen  in  the  appendix  to  this  report. 
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In  establishing  the  envelope  for  these  valves,  the  preliminary 
proposals  received  were  placed  on  charts  to  facilitate  comparison.  These 
were  then  reviewed  to  determine  those  designs  which  best  met  the  re¬ 
quirements  of  the  applicable  procurement  specification.  They  were  then 
narrowed  down  to  a  single  design  or  usually  a  composite  design  around 
which  an  envelope  could  be  established.  The  design  approach  selected 
was  modified  to  accept  metallic  seals  of  the  sizes  listed  in  specification 
CVC  2464  (see  appendix,  Part  1  of  this  report) .  The  design  was  further 
modified  to  affect  miniaturization.  Consideration  was  given  to  the 
flow  area  requirements  around  all  valve  ports  which  would  enable  the 
valve  to  pass  rated  flow  without  exceeding  the  allowable  pressure  loss. 

A  nominal  fluid  velocity  of  25  feet  per  second  was  used  as  a  guide  in 
determining  the  size  of  the  various  valves.  It  was  originally  planned 
that  three  sizes  of  valve  woxild  be  developed  in  the  pressure  relief 
valve,  solenoid  operated  shut-off  valve,  solenoid  operated  sequence  valve, 
and  the  solenoid  operated  S-way#  2-po8itlon  valve.  Each  size  was  intended 
to  cover  one  of  the  flow  rates  0  to  4  GIM,  4  to  12  GFM  or  12  to  25  GPM. 
Design  layouts  were  made  for  each  flow  rate;  however,  the  increment  of 
Increase  in  dimensions  was  so  small  between  one  class  and  the  next  that 
three  separate  valve  standards  are  not  warranted.  In  the  case  of  the 
solenoid  operated  valves  the  solenoid  is  the  same  size  regardless  of  the 
flow  capacity  of  the  main  stage.  It  can  be  seen  that  the  solenoid  and 
the  pilot  stage,  which  together  comprise  the  bulk  of  a  valve,  are  xm- 
affected  by  flow  rate.  Only  the  size  of  the  main  stage  Increases  for 


higher  flow  rates. 
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TABLE  2 

aST  OP  MANUFACTURERS  SUBMITTING  FR0P03AIS  ON  EACH 
MODULAR  COMPONENT 


CHECK  VALVE 

Accessory  Products  Company 
Air  Products  Company 
Altair,  Inc. 

Benbow  Manufacturing  Company 
Com-Alr  Products 
Conair,  Inc . 

Crescent -Sargent  Corporation 

Criasair 

De  Goto  Brothers 

Fluid  Regulators  Corporation 

Gar  Precision  Parts 

Hydro-Aire,  Inc. 

Integral  Corporation 
James,  Pond  and  Clark,  Inc . 
Langley  Corporation 
Lear,  Inc. 

M.C.  Manufacturing  Company 
Pantex  Manufacturing  Company 
Pneudraulics,  Inc. 

Republic  Manufactiuring  Company 
Randall  Engineering  Corporation 


RESTRICTOR 

Accessory  Products  Company 
Air  Products  Company 
Altair,  Inc. 

Benbow  Manvifacturing  Company 
Corn-Air  Products 
Conair,  Inc . 

De  Goto  Brothers 
Gar  Precision  Parts 
Hydro -Aire,  Inc. 

Integral  Corporation 
Langley  Corporation 
Lear,  Inc. 

M.C.  Manufacturing  Company 
Pantex  Manufacturing  Company 
Pneudraulics,  Inc . 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 
Ronson  Units 

Vinson  Manufacturing  Company 
The  Weatherhead  Company 
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TABLE  2  LEST  OF  MAMUFACTURERS 
COMPOKEKT  (Continued) 

CHECK  VALVE 
Ronson  Hydraulic  Units 
Vinson  Manufacturing  Company 
The  Weather head  Company 

THERMAL  RELIEF 
Altair,  Inc . 

Benbow  Manufacturing  Company 
Bendix -Pacific  Division 
Besler  Corporation 
Com-Alr  Products 
Fluid  Regulators  Corporation 
Gar  Precision  Parts 
Hydra -Power  Corporation 
Hydraulic  Research 
M.  C,  Manufacturing  Company 
Pantex  Manxifacturing  Company 
Parker  Aircraft  Company 
Pneudraulics,  Inc. 

Republic  Maniofac tuning  Company 
Randall  Engineering  Corporation 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Con  y 


SUBMirnWG  PROPOSAIS  ON  EACH  MODULAR 


SHUTTLE 
Altair,  Inc. 

Benbow  Manufacturing  Company 

Corn-Air  Products 

De  Goto  Brothers 

Hydro -Power  Corporation 

Langley  Corporation 

M.C.  Manufacturing  Company 

Parker  Aircraft  Company 

Randall  Engineering  Corporation 

Ronson  Hydraulic  Units 

Sargent  Engineering  Corporation 

Vinson  Manufacturing  Company 

The  Weatherhead  Company 

PRIORITY  VALVE 

Adel  Precision  Products 

Bendix -Pacific  Division 

Com-Alr  Products 

Fluid  Regulators  Corporation 
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TABLE  2  LEST  OP  MANUFACTURERS  SUBMITTING  PROPOSAIS  ON  EACH  MODULAR 
COMPONENT  (Continued) 


THE!RMAL  RELIEF 
The  Weatherhead  Company 
SEQUENCE  VALVE 
Altair,  Inc. 

Bendix-Paciflc  Division 
Cora-Air  Products 
Hydro -Aire 

Ronson  l^draulic  Units 
RELIEF  VALVE 
Adel  Precision  Products 
Altair,  Inc. 

Benbow  Manufactviring  Corporation 
Bendix-Paciflc  Division 
Carleton  Aviation 
Cora-Air  Products 
Fluid  Regulators  Corporation 
M.  C.  Manufacturing  Company 
Pneudraulics,  Inc. 

Republic  Manufacturing  Corporation 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Company 
The  Weatherhead  Company 
Whittaker  Controls 
FOUR-WAY  VALVE 

Altair,  Inc. 


PRIORITY  VALVE 

Hydra -Power  Corporation 

E^dro-Alre 

Parker  Aircraft  Company 
Sargent  Engineering  Corporation 
Vinson  Manufacturing  Company 

PRESSURE  SHUT-OFF 
Adel  Precision  Products 
Altair,  Inc. 

Bendix-Paciflc  Division 
Com-Air  Products 
Fluid  Regulators  Corporation 
B^dra -Power  Corporation 
Hydro-Aire,  Inc. 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 
Ronson  HY^aulic  Units 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Company 
Waldorf  Instrument  Company 
The  Weatherhead  Company 
PRESSURE  SWITCH 


Aircraft  Controls  Company 


IX 


LIST  OF  MANUFACTURERS  SUBMITTING  raOPOSAlS  ON  EACH  MODULAR 
COMPONENT  (Continued) 


PRESSUIffl  SWITCH 


FOUR-WAy  VALVE 

Bendix -Pacific  Division 

Ifydro-Alre 

Ronson  Hydraulic  Units 
Sargent  Engineering  Corporation 
Whittaker  Controls 
Weston  N/draulics,  Ltd. 
THREE-WAy  SELECTOR  VALVE 
Adel  Precision  Products 
Altair,  Inc. 

Bendix -Pacific  Division 
I5/dra-Power  Corporation 
Hydro -Aire,  Inc. 

Moog  Servocontrols,  Inc. 

Parker  Aircraft,  Inc. 

Randall  Engineering  Corporation 
Ronson  Hydraulic  Units 
Sargent  Engineering  Corporation 
Vinson  Manufacturing  Company 
Whittaker  Controls 
FILTER  ASSEMBLY 
Aircraft  Porous  Media 
Bendix  -  Filter  Division 


Benbow  Manufacturing  Corporation 
Century  Electronics 
Cook  Electric  Company 
Randall  Engineering  Corporation 
Rochester  Gage  Company 

TWO-WAY  SELECTOR  VALVE 
Adel  Precision  Products 
Altair,  Inc . 

Bendix -Pacific  Division 
Cora-Air  Products 
Hydra -Power  Corporation 
Ifydro-Aire,  Inc . 

Marotta  Valve  Corporation 
Parker  Aircraft  Corporation 
Randall  Engineering  Corporation 
Ronson  Hydraulic  Units  Corporation 
Sargent  Engineering  Corporation 
Vinson  Manufacturing  Company 


Permanent  Filter  Corporation 
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Development  contracts  were  awarded  to  component  suppliers  as 
noted  In  Table  3. 

In  the  development  program  for  each  component  listed  above^  the 
manufacturer  was  required  to  submit,  for  approval,  a  qualification  test 
procedure  and  a  test  housing  design.  The  development  program  was 
monitored  through  qualification  and  approval  of  the  qualification  test 
report , 


TABLE  3 

LIST  OF  MANUFACTURERS  AWARDED  DEVELOPMENT  COimmCTS 


Check  Valve 

(Qualification  performed  by 
Check  Valve 

(Qualification  performed  by 
Check  Valve 

(Qualification  performed  by 


4  GFM  Crescent  Sargent  Corporation 

5543  E.  Admiral  Place 
Tulsa,  Oklahoma 
Aerotest  Laboratories) 

12  GPM  Gar  Precision  Parts,  Inc, 

36  Ludlow  Street 
Stanord.  Connecticut 
Aerotest  Laboratories) 

25  GFM  Republic  Manufacturing  Company 

15655  Brookpark  Road 
Cleveland  11,  Ohio 
Aircraft  Equipment  Testing  Company) 


One  way  restrictor 

0  to  4  cm 

Ronson  F^draulic  Units  Corporation 
1313  Lincoln  Avenue 

Pasadena,  California 

Two  way  restrictor 

0  to  12  cm 

Ronson  Hydraulic  Units  Corporation 

Thermal  relief  valve 

2100  to  3100  psi 

Bendix-Pacific  Division 

11600  Sherman  Way 

North  Hollywood,  California 

Thermal  relief  valve 

3100  to  4100  psi 

Fluid  Regulators  Corporation 

313  Gillette  Street 

Painesville,  Ohio 

(Qualification  performed  by 
Thermal  relief  valve  4l00 

(Qualification  performed  by 
Shuttle  Valve 

(Qualification  performed  by 


Wyle  Parameters  Laboratories) 

to  5100  psi  Altair,  Incorporated 
50  St.  McQuesten  Pkwy. 

Mt.  Vernon,  New  York 
Aerotest  Laboratories) 

4  GPM  Consolidated  Controls  Corporation 
750  S.  Isis  Avenue 
Englewood,  California 
Garwood  Laboratories) 


Shuttle  Valve  12  GFM  Ronson  I5vdraulic  Units  Corporation 

Shuttle  Valve  25  GPM  Langley  Corporation 

310  Euclid  Avenue 
San  Diego,  California 

(Qualification  performed  by  Garvood  Laboratories) 


Pressure  Switch 


TABLE  3  (Continued) 


Rochester  Manufacturing  Co. 
Rochester,  New  York 

Three  way  selector  valve  4  GPM  Sargent  Engineering  Corporation 

2533  East  56th  Street 
Huntington  Park,  California 

Tlu’ee  way  selector  valve  25  GBl  Hydro-Alre,  Inc. 

3000  Winona  Avenue 
Burbank,  California 

(Qualification  performed  by  Ronson  It/draulic  Units  Corp.) 

Three  way  selector  valve  25  GIM  Whittaker  Controls 

915  North  Citrus  Ave, 

Ix>s  ibigeles  38,  California 

Priority  valve  4  GPM  Fluid  Repculators  Corporation 

313  Gillette  Street 
Painesville,  Ohio 

(Qualification  performed  by  Wyle  Parameters) 


Priority  valve 


12  GPM  Hydra  Power  Corporation 
Pine  Court 

New  Rochelle,  New  York 

(Qualification  perfoi’med  by  Aerotest  Laboratories) 


Priority  valve 


25  GPM  Sargent  Engineering  Corporation 


Pressui’C  operated  shut-off 
valve 

(Not  qualified) 


4  GPM 


The  Weatherhead  Company 
300  E.  131st  Street 
Cleveland,  Ohio 


Pressure  operated  shut-off 
valve 

(Not  qualified) 

Pressure  operated  shut-off 
valve 

(Not  qualified) 


I(ydra  Power  Corporation 

12  GPM 

25  GPM  Republic  Manufacturing  Corporation 


Relief  valve 


(Qualification  porftuj; 


4  GPM  M.  C.  Manufacturing  Company 
P.  0.  Box  126 
Lake  Orion,  Michigan 

iCd  by  Aircraft  Equipment  Testing  Company) 
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imm  3  (Continued) 

Belief  valve  25  CPM  Benbow  Maniifac tuning  Company 

11920  Jefferson  Boulevard 
Culver  City.  California 

(Qualification  performed  by  Chance  Vought  Corporation) 


Solenoid  operated  shut-off 
valve 

25  GFM 

Bendlx-Eaciflc  Division 

Solenoid  operated  shut-off  25  CH4  I^ydro-Aire 

valve 

(Qualification  performed  by  Ronson  KE/draulic  Units  Corp.) 

Solenoid  operated  sequence  12  CFM  Rydro-Alre 

valve 

(Qualification  performed  by  Ronson  Hydraulic  Units  Corp.) 

Solenoid  operated  sequence 
valve 

25  GPM 

Ronson  Ffydraulic  Units 
Corporation 

4  way,  3  position  selector 
valve  (cartridge  type) 

4  GIM 

Whittaker  Controls 

4  way,  3  position  selector 
valve  (face  mounted  type) 

12  GBI 

Ronson  Ifydraulic  Units 
Corporation 

4  way,  3  position  selector 
valve  (cartridge  type) 

25  GBl 

Bendix -Pacific  Division 

Filter 

4  GEM 

Bendix-Fllter  Division 

434  West  12  Mile  Road 
Madison  Heists,  Michigan 

'  Filter 

12  GEM 

Aircraft  Porous  Media 

Glen  Cove,  New  York 

Filter 

25  GBl 

Aircraft  Porous  Media 

ni 

Dr!lVELOimNT  WODLliMG 

Numerous  problems  have  been  experienced  by  the  manufacturers  having 
development  contracts.  Problems,  however,  are  to  be  expected  when  an 
advance  in  the  state  of  the  art  is  attempted  to  produce  components  which 
operate  at  higher  temperatures  and  pressures  and  which  are  produced  in 
new  configurations . 

The  problem  which  has  occurred  most  frequently  is  that  of  seal 
leakage.  Many  of  the  component  manufacturers  had  little  or  no 
experience  with  metallic  seals  prior  to  the  Project  Hydratoy  program. 
Surface  finish  and  amount  of  squeeze  must  be  controlled  much  more 
closely  for  metallic  seals  than  for  elastomeric  seals.  It  was  necessary 
to  develop  an  awareness  of  minute  details  which  are  essential  to  the 
satlsfactoiry  performance  of  a  metallic  seal.  The  force  required  to 
compress  the  seal  is  large;  consequently,  componeftts  were  often 
assembled  by  torquing  parts  together  until  the  torque  was  felt  to  be 
sufficient.  This  method  of  assembly  is  not  dependable,  for  the  seals 
were  frequently  not  compressed  enough  to  affect  a  leakproof  Joint. 

Each  assembly  is  designed  to  impart  the  proper  squeeze  to  the  seal  when 
the  mating  parts  bottom  out  on  each  other.  Therefore,  the  recommended 
assembly  procedure  is  as  follows.  The  parts  should  be  assembled  with¬ 
out  any  seals  until  they  bottom  out  on  each  other.  An  index  mark  should 
be  placed  on  the  two  parts  to  indicate  the  position  where  bottoming  occurs. 
The  port  should  then  be  disassembled  and  reassembled  using  the  proper 
seals.  Sufficient  torque  must  be  applied  to  align  the  scribe  marks.  In 
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some  of  the  larger  components  where  multiple  seals  are  compressed  on 
installation,  the  torque  may  become  excessive  and  cause  thread  galling. 
This  can  be  prevented  by  presetting  each  seal  individually.  Presetting 
a  seal  consists  of  installing  only  one  seal  at  a  time  and  bottoming 
out  the  parts  so  that  the  seal  takes  a  permanent  set.  A  thread  lubricant 
is  also  desirable.  With  proper  attention  to  the  details  of  manufactiuring 
and  assembling  parts,  excellent  results  can  be  expected  from  the  Hi  Ceal. 

Cartridge  configuration  -  A  second  problem  has  occurred  on  several 
slide  type  valves  which  does  not  exist  in  a  conventional  or  non-cartridge 
valve.  The  cairtldge  valve  allows  flow  and  pressure  around  the  outside 
of  the  valve  body.  As  shown  in  Figure  1  the  slider  can  be  so  positioned 
that  the  presstire  on  the  outside  of  the  body  is  not  balanced  by  an 
equal  pressure  inside  the  body.  The  valve  body  (part  number  2)  is  thus 
made  to  contract  because  of  this  differential  pressxire  and  seize  the 
slider  (part  number  l) .  In  the  conventional  valve  pressure  is  always 
contained  within  the  valve  body  so  that  the  effect  of  pressure  is  to 
increase  the  clearance  between  body  and  slider.  This  type  of  piston 
seizure  occurred  on  all  three  sizes  of  the  pressure  operated  shut  off 
valves  which  were  developed.  The  three  sizes  were  each  developed  by  a 
different  manufacturer  although  the  designs  were  somewhat  similar.  Each 
unit  could  be  made  to  open  and  close  within  a  very  narrow  range  of 
actuation  pressures  so  long  as  the  inlet  pressurization  was  low.  How¬ 
ever,  as  the  inlet  pressure  was  increased  to  4,000  psi  the  actuation 
pressure  required  to  open  the  valve  became  larger  while  the  actuation 
pressvire  required  to  close  the  valve  was  reduced.  At  times  certain  ones 
of  the  valves  tested  at  Chance  Vou^t  remained  fully  open  with  complete 
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TYPICAL  PRESSURE  OPERATED  SHUT-OFF  VALVE  INSTALLED  IN  TEST  MANIFOLD 
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removal  of  the  actuation  pressure  until  the  inlet  port  pressurization 
was  reduced.  Late  in  the  program  it  became  apparent  that  the  shut  off 
valves  could  not  be  made  to  function  satisfactorily  without  a  complete 
redesign.  It  was  calculated  that  contraction  of  the  valve  body  diameter 
due  to  external  pressure  was  of  a  magnitude  of  0.0002  inch.  None  of 
the  three  valve  designs  were  successful  in  passing  qualification  tests. 
Both  the  suggested  ML  specification  and  MS  standard  page  for  the 
pressure  operated  shut  off  valve  are  enclosed  in  the  appendix.  It  is 
possible  that  relocation  of  the  seals  from  the  positions  shown  might 
made  a  redesign  easier  to  accomplish. 

Lapped  fits  -  There  is  much  to  be  said  on  the  subject  of  lapped  fits. 
Since  there  la  no  really  good  dynamic  seal  suitable  for  the  environment 
specified,  lapped  fits  are  utilized  extensively  within  these  valves  to 
eliminate  dynamic  seals.  Some  of  the  many  facets  of  lapped  fits  which 
have  been  of  concern  in  the  modular  program  will  be  discussed. 

Bydraulic  lock  -  Several  selector  valves  experienced  hydraulic  lock 
causing  the  slider  to  hang  in  one  position  or  another  during  development 
tests.  Hydraulic  lock  is  a  relatively  high  static  friction  force  which 
is  produced  by  pressure  acting  on  one  side  of  the  slider  -  forcing  the 
slider  against  one  wall  of  the  valve  body.  The  force,  normal  to  the 
axis  of  the  slider,  may  be  reduced  by  the  addition  of  labyrinth  grooves 
in  the  slider.  The  addition  of  labyrinth  grooves  is  quite  effective  in 
overcoming  hydraulic  lock.  A  surprisingly  large  number  of  valve  manu¬ 
facturers  design  valve  spools  without  grooves  in  the  lands.  The  grooves 


20 


are  added  only  after  hydraulic  lock  haa  occurred  on  a  given  design. 

This  is  probably  because  the  research  work  which  has  been  performed 

relative  to  hydraulic  lock  is  not  widely  known.  Some  experimental 

work  has  been  done  to  determine  the  variation  of  brealtout  force  with 

the  nxiraber  of  the  grooves,^  A  quantitative  theory  of  the  pressure 

distribution  and  the  resulting  land  force  for  various  land  configurations 

2 

has  also  been  developed.  Some  designers  add  grooves  in  an  attenpt  to 
reduce  lealcage  rate  -  the  theory  being  that  grooves  help  to  keep  the 
spool  concentric  within  the  valve  body.  Other  designers  dispute  this, 
and  there  seems  to  be  little  evidence  to  support  the  theory  that  the 
labyrinth  grooves  reduce  leakage  rate  of  an  incompressible  fluid. 

Lap  damage  from  contamination  -  Galling  and  seizure  of  lap  assemblies 
sometimes  occur  because  of  contaminant  being  wedged  into  the  clearance 
between  spool  and  valve  body.  The  land  should  intersect  the  groove 
of  a  spool  with  a  sharp  corner  to  reduce  the  tendency  of  galling  from 
this  cause. 
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Particles  larger 
than  about  5  Microns 
unable  to  get  into 
clearance  gap. 


With  radius  on  spool, 
larger  particles  can 
wedge  into  clearance  gap. 


D.  C.  Sv/eeney,  "Preliminary  Investigation  of  Hydraulic  Lock," 
Engineering,  Vol.  172  (I95I),  pp  513-516  and  580-582. 

2 

J.  F.  Blackburn,  G.  Reethof  and  J.  L.  Shearer,  Fluid  Power 
Control.  (New  York;  Wiley  and  Technology  Press  of  M.I.T.,  i960), 

pp  279-269. 
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Blind  Inpn  -  MnnuJL'acturlng  x’J^o'blemo  arose  on  several  valves  In  which 
tho  fniiinl'-'  i^art  was  designed  as  a  blind  lap.  Thin  was  caused  by  the 
Beriignei-  failing  to  allow  sul’ficient  room  for  the  lead  taper  on  the 
lappltag  tool.  I'lXcctisivo  le?ikage  occured  because  the  valve  spool  could 
not  reach  the  intended  shut-off  position. 


Blind  laps  presented  no  problem  where  a  relief  was  provided  on  either 
the  spool  or  the  bore  as  shown  below. 


Leakage  rate  -  Leakage  rates  are  predicted  tlirough  calculations  in  the 
detail  design  of  any  valve.  The  equation  used  to  calculate  lealcage 
rate  from  an  annular  flow  path  shows  that  the  lealcage  varies  inversely 
as  the  absolute  viscosity  of  the  fluid. 
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E  ^ 

Q  D  b3  (14  1.3  (T“)3  )  (pu  ,  pd) 

12  ^  L 

where  a  fluid  viscosity^  Ib  sec/sq  in 
Q  a  volume  flow  rate,  cu  in/sec. 

D  a  diameter  of  passage,  inch 

b  a  passage  height,  inch 

Pu  a  upstream  pressure,  Ib/sq.  in 

Pd  a  downstream  pressvire,  Ib/sq  in 

L  a  passage  length  (in  direction  of  flow),  inch 

E  a  eccentricity  of  spool  within  sleeve,  inch 

The  kinematic  viscosity  of  Oronite  8200  fluid  is  approximately  35 

centiatokea  at  and  3  centistokes  at  450“F  while  the  density  is 

approximately  0.925  gms/cc  at  90°F  and  O.765  gms/cc  at  450®F.*^  Using 

these  values,  the  absolute  viscosity  may  be  determined  to  be  34.8  x  10”^ 

lb.  sec/aq  in  at  90‘’P  and  2.47  x  10"^  lb.  sec/sq  in  at  450"F.  The 

viscosity  change  corresponding  to  this  temperature  change  is  in  the 

ratio  l4  to  1.  The  equation  shown  above  then  indicates  that  leakage 

rate  will  be  approximately  l4  times  as  great  at  450“F  as  would  be 

experienced  at  90'’F  in  the  same  parts.  In  practice  the  leakage 

rate  has  not  changed  by  an  amount  approaching  the  calculated  change. 

In  tests  of  lapped  vaiyes,  the  leakage  rate  at  450®  has  been  from 

1  to  2.5  times  the  values  recorded  at  90°F.  Certainly  preBSiu:e  as  higjh 

as  4,000  psi  alters  the  viscosity,  but  no  data  is  available.  The  values 

of  viscosity  quoted  above  are  for  atmospheric  pressure.  Also  the  length 

of  the  waiting  period  before  measurement  is  begun  greatly  affects  the 

rate  which  will  be  measured.  Even  in  well  filtered  systems,  silting  will 


3  Ibid.,  p.  58 

N.W.  Fm-by,  R.  L.  Peeler  and  R.  I.  Stlrton,  "Oronite  Hi^- 
Temgperature  Hydraulic  Fluids  8200  and  8515;"  A.S.M.E.  paper  Mo.  56—AV~22, 
(New  York;A.S.M.E.,  1956),  Figs  3,4. 


occur  to  a  defjree  sufficient  to  lower  the  leaknce  rate .  The  amount 
of  contaminant  in  the  system  will  thus  affect  the  lealiage  rate  measured 
in  acceptance  testing  a  lapped  hydraulic  valve. 

Part  distortion  -  The  foiuc  way,  tliree  position  selector  valve 
has  been  developed  in  two  configurations:  (l)  face  mounted  and, 

(2)  cartridge.  The  main  stage  of  each  valve  type  is  a  lap  assembly 
made  up  of  a  slider  and  the  valve  body.  Very  small  deflections  in  the 
valve  body  are  sufficient  to  cause  seizure  of  the  slider.  Therefore, 
the  face  mounted  valve  must  be  mounted  onto  a  manifold  having  a  relatively 
flat  face.  In  the  development  of  the  cartridge -type  four  way  valve 
the  radial,  wedge  seals  introduced  sufficient  body  distortion  to  create 
a  sticking  slider.  It  was  concluded  that  the  concept  of  a  low  leakage 
valve  (i.e.  4cc/min)  is  not  compatible  vrith  the  tolerances  v/^hich  are 
reasonable  for  the  wedge  seals.  The  clearance  between  slider  and  valve 
body  was  ultimately  increased  until  sticking  of  the  slider  no  longer 
occurred.  The  internal  leakage  rate  allowed  was  then  Increased  pro¬ 
portionally.  Measurements  of  one  valve  body  showed  that  the  wedge  seals 
were  forcing  the  body  to  go  out  of  round  by  only  O.OOOO9  inch,  yet  this 
was  sufficient  to  cause  seizure  of  the  spool  before  the  clearance  was 
increased . 

Wear  of  lap  assemblies  -  Certain  combinations  of  materials  and 
surface  treatments  have  been  found  to  be  successful  in  the  slider  and 
body  making  up  a  lap  assembly.  Some  of  the  combinations  which  have 
demonstrated  good  wear  resistance  in  qualification  tests  are  listed 


below. 
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Body  Material 

riatlng 

filider  ffatorial 

Gurfoce  Treatment 

i7“4rii 

None 

17“4lil 

Ilitrided 

17-4PH 

None 

17-4rH 

Tungsten  carbide 

416 

None 

44oc 

Chroiric 

44oc 

None 

44oc 

Cl'iromc 

44oc 

None 

44oc 

Tufftride 

44oc 

None 

44oc 

None 

dome  attempts  were 

made  to  use 

an  unplated  stainless  s 

teel  against  a 

stainless  steel  which  was  neither  plated  nor  ct  "*  hardened,  and  in 
several  cases  this  was  successful;  however,  this  is  not  recommended  for 
lap  assemblies  which  are  to  operate  in  a  fluid  having  relatively  poor 
lubricity.  Experience  with  bare  lap  assemblies  varied  from  failures  as 
disasterous  as  galled  parts  to  only  a  more  pronounced  tendency  toward 
hydraulic  lock  of  the  mating  parts,  31 de  loads,  created  by  imperfect 
parts,  flow  forces,  or  the  presence  of  contaminant,  will  promote  failures 
of  these  types.  Unplated  asseniblied  have  been  very  satisfactory  for 
the  type  of  valves  wherein  the  clearance  is  0.001  to  0,002  inch. 

Dimensional  stabilization  -  Three  valves  ore  known  to  have  malfunc¬ 
tioned  because  of  dimensional  changes  in  the  finished  parts,  and  it  is 
suspected  that  this  was  the  cause  of  other  failures.  An  adequate  stabili¬ 
zation  procedure  shoiild  be  contained  in  each  valve  manufacturer's  heat 
treatment  specification,  inasmuch  as  the  provisions  of  specification 
MIL-H-6875  Bxe  not  sufficient  for  a  lap  assembly.  Each  of  the  valves 
in  which  this  problem  was  evident  had  one  or  both  ports  making  up  the 
lap  assembly  made  from  4k0C.  The  Metals  Handbook,  in  discussing 
martensitic  stainless  steels,  says  "The  higher-carbon  martensitic  grades 
such  as  44oC  are  likely  to  retain  large  amounts  of  untransformed  austenite 
in  the  as  quenched  structure,  frequently  as  much  as  30^  by  volume,  atress 
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relieving  at  300“F  has  little  effect,  since  higher  temperatures 
eire  required  to  achieve  transformation.  Delayed  transformation  may 
occur  as  a  result  of  temperature  fluxuations  in  service,  thus  re¬ 
sulting  in  embrittlement  and  serious  dimensional  changes.  A  portion 
of  this  retained  austenite  may  be  transformed  by  subzero  cooling  to 
about  -100®F  immediately  after  quenching.  If  some  decrease  in  hardness 
can  be  tolerated,  the  steel  should  be  stress  relieved  at  a  higher -than- 
normal  temperatiare,  preferably  near  700‘‘P‘  Two  complete  cycles  of  stress 
relieving  are  advisable,  regardless  of  the  temperature  used.  In  com¬ 
bination  with  the  higher  stress -relieving  temperature,  the  subzero  treat¬ 
ment  is  less  useful,  although  both  treatments  are  recommended  for 
maximum  stability.  In  general,  the  high-carbon  grades  should  be  tempered 

at  a  temperature  at  least  as  high  as  that  to  which  they  will  be  sub- 
"  5 

Jected  in  service.  This  situation  is  discussed  fiurther  in  Part  iv 
of  this  report.  It  should  be  noted  that  u  number  of  the  valve  manufacturers 
participating  in  the  program  subject  their  i^arts  to  three  cou^jlete 
stabilization  cycles.  The  reconmiended  manufacturing  sequence  for  unplated 
parts  made  of  440C  is:  (l)  Machine  parts  to  within  about  0.002  inch  of 
finish  dimension)  (2)  Heat  treat  (harden,  quench,  three  heat  cycles  from 
cold  stabilization  temperature  to  tempering  temperature);  (3)  Finish  grind; 
(4)  Bake  4  hours  and;  (5)  Finish  lap. 


5  American  Society  for  Metals,  Metals  Handbook,  ed.  Taylor  lyman 
(8th  ed;  Novelty,  Ohio;  American  Society  for  Metals,  i960),  Vol  I,  p  4l9 
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Di~elocbric  brcalidown  -  Tlic  manufactiJre  of  accoptable  solenoids 
has  been  a  sizeable  problem  for  two  of  the  five  firms  holding  contracts 
for  solenoid  operated  selector  valves.  Tliese  solenoids  are  req,irl.red 
to  operate  in  an  ambient  tett5>erature  of  650°F.  Each  of  the  five  coit5)anieB 
selected  Ceraralten^  wire  after  a  stirvey  of  the  available  wires  for  this 
environment.  The  Ceramlterap  wire  (made  by  Hl-Temp  Wires,  Inc.)  will 
withstand  continuous  operation  at  650°F;  however,  the  ceramic-type 
Insulation  is  brittle  and  tends  to  flake  off  if  care  is  not  exercised 
in  the  winding  and  subsequent  handling  of  the  solenoid.  Some  of  the 
solenoids  are  terminated  with  the  Ceramiten^  wire  brazed  directly  to  the 
connector  while  others  utilize  a  lead  wire  to  Join  the  solenoid  and 
connector.  One  type  of  lead  wire  is  teflon  Insulated  with  a  silicon  - 
fiberglass  cover  over  the  teflon.  Di-electric  breakdown  has  occurred 
on  numerous  solenoids  used  by  t^o  of  the  five  firms  while  the  others 
have  had  little  or  no  trouble  of  this  nature.  One  of  the  manufacturers 
experiencing  repeated  di-electric  failures  has  attributed  the  failures 
to  carelessness  in  handling  the  solenoids. 

Effect  of  ten5)erature  on  pressure  setting  -  Operation  of  certain 
components  over  a  wide  ten^erature  range  will  cause  a  alight  change  in 
their  operating  characteristics.  Spring-loaded  valves  such  as  relief 
valves  will  display  a  slightly  lower  cracking  pressure  at  h50°F  than 
at  95°F.  The  coefficient  of  elasticity  of  Inconel  X  and  17-7  PH 
stainless  steel  from  which  the  springs  are  made  decreases  as.  the  ten^- 
eratitre  is  increased  over  this  range.  In  the  pressure  switch  a  bourdon 
tube  displays  the  same  characteristic.  The  pressure  at  which  the  electrical 
contacts  open  is  approximately  50  pel  lower  at  450°F  than  at  95°F. 
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If  bho  gyetem  demando  thab  n  valve  open  at  a  conotant  preesure  over  a 
wide  temperature  range,  oome  (sort  of  a  conpensator  may  be  Included  in 
the  valve.  TIiId  uamlly  consista  of  an  aluminum  part  or  other  material 
which  has  a  higher  coefficient  of  thermal  expansion  than  the  adjacent 
steel  parts  and  which  is  incoi*poratod  in  such  a  way  that  the  spring 
is  compressed  further  at  high  ten^erature.  Usually  the  system  does  not 
require  that  tlx;  valve  open  within  so  narrow  a  limit  as  to  warrai  t 
coB^jensators, 

Valve  instability  -  Instability  has  been  a  problem  to  a  varying 
degree  in  the  development .of  thermal  relief  valves,  pressure  relief 
valves,  and  priority  valves.  The  rated  flow  to  be  handled  by  the  thermal 
relief  valve  has  been  Increased  to  0.1  GPM  as  con^ared  with  I5  cc/tnln 
required  of  the  valves  qualified  under  specification  MIL-V-5527A.  This 
increased  flow  requirement  created  instability  problems  which  had  not 
existed  in  eai’licr  designs.  Some  e>cporimentul  work  was  ne^eacary  in 
order  to  determine  the  amount  of  damping  required  to  overcome  the 
problem.  It  is  interesting  to  note  that  only  one  manufacturer,  of  the 
many  submitting  proposals  for  the  thermal  relief  valve,  foresaw  an 
instability  problem  and  included  a  5pring-uic'.G3-dniTg)er  analysis  as  part 
of  the  preliminary  design.  This  manufacturer  was  nob  awarded  a  devel¬ 
opment  contract  because  of  objections  in  tlie  design  of  the  pressure 
setting  adjustment.  The  background  for  such  an  analysis  may  be  found 
in  any  elementrary  text  on  racchanlcti.1  vibrations.  Such  an  analysis 
could  be  applied  to  any  direct  operating  relief  valve  so  that  the 
valve  viscous  dairper  is  designed  to  provide;  a  damping  factor  ratio 
C/Cq  between  0,5  and  1.0,  wnere 

Cp,  critical  damping  factor, 
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01,  mass  of  poppet  and  damping  piston 

It,  spring  rate  of  spring 

The  pressure  relief  valves  were  of  two  types;  (l)  direct  operat¬ 
ing  and,  (2)  pilot  operated.  These  two  valve  types  are  schematically 
represented  in  Figure  2.  Stability  was  achieved  in  the  direct  operated 
valve  through  the  use  of  a  damping  piston.  The  clearance  between  the 
danplng  piston  and  the  damping  chamber  was  initially  made  as  small  as 
practical  to  produce  a  valve  which  was  stable  but  sluggish.  The  clear¬ 
ance  was  then  increased  in  small  increments  until  a  satisfactory  coopro- 
mise  between  response  and  stability  was  obtained.  The  pilot  operated 
valve  presented  another  set  of  problems.  The  pilot  stage  by  itself 
functions  Just  like  a  direct  operating  relief  valve  and  is  subject  to 
instability  if  too  high  a  flow  rate  is  passed  through  the  pilot  stage. 
This  can  be  overcome  by  restricting  the  amount  of  flow  to  the  pilot 
stage.  However,  the  location  of  the  restriction  within  the  main  stage 
Slider  was  found  to  be  very  critical.  If  located  in  a  region  of 
turbulent  flow  the  valve  will  remain  unstable.  Therefore,  the  main 
slider  was  modified  so  that  a  projection  containing  the  orifice 
extends  into  the  less  turbulent  flow  stream. 

Two  of  the  three  priority  valves  tended  to  be  unstable.  One 
unit  was  very  similar  to  the  pilot  operated  relief  valve  discussed 
above.  It  was  made  stable  by  the  addition  of  a  flow  limiter  to  the 
pilot  stage. 
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FIGURE  2 

GCIfEMATIC  REPRESFJrrATION  OF  T\TO 
TYTEG  OF  PBR3GURE  REIJRF 
VAI.V1i:G 
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Flov  Forcao  -  Aoclal  foi’CPS  on  a  valve  sx’ool  (ire  often  created 
by  the  fluid  flowing  tlirougli  the  valve,  Thie  force  can  be  calculated 
from  the  change  in  momentum  of  the  fluid  between  inlet  and  outlet 


In  this  equation  Q  and  p  ore  scalar  quantities  while  P  and  (Vg  ~ 
are  vector  quantities.  From  the  equation  it  can  be  seen  that  the 
flow  force  id.ll  increase  as  the  flow  rate  increases.  Accordingly  the 
25  GPM  valves  experienced  higher  flow  forces  than  the  4  or  12  GPM 
valves.  This  must  be  considered  in  the  design  of  components  such 
as  pressure  operated  shut-off  valves  which  must  open  and  close  within 
a  narrow  actuation  pressure  range,  for  flow  forces  may  act  so  as  to 
place  the  full  open  and  closing  pressures  outside  the  allowed  pressure 
range,  A  very  thorough  analysis  of  axial  flow  forces  along  valve 
spools  and  experimental  work  to  support  the  analysis  has  been  presented 
by  Dr.  Lee  and  Dr.  Blackburn  of  Massachusetts  Institute  of  Technology.  ° 
Flow  forces  can  be  minimized  by  several  methods.  The  velocity  of  fluid 
flow  can  be  reduced  by  providing  larger  flow  area  with  resulting 
decrease  in  the  flow  force.  Since  V2  -  V]_  in  the  above  equation 
represents  a  vector  subtraction,  the  magnitude  may  be  reduced  by 
clxanging  the  angles  at  which  the  fluid  enters  and  leaves  the  slider 
groove,  Tlien  in  the  case  of  four  way  valves  two  oppositely  directly 
forces  may  be  made  to  cancel  each  other. 


Lee  and  J.  F.  Blackburn.  "Axial  Forces  on  Control  -  Valve 
i  istono,"  Meteor  Report  Mo,  6^,  (l^issachusetts:  M.I.T.,  1950) 


Thormul  shock  -  Tests  on  two  of  the  four  wny^,  three  position 
selector  valves  (one  cartridge  and  one  face  mounted)  have  shown  that 
it  is  possible  to  cause  a  malfunction  of  the  valve  by  subjecting  it 
to  a  thermal  shock.  A  rapid  x/arm  up  test  is  included  in  the  qualification 
and  the  units  will  perform  satisfactorily  in  this  test.  However,  if 
fluid  which  is  100“F  hotter  than  the  valve  is  suddenly  introduced, the 
valve  spool  will  expand  more  rapidly  than  the  valve  body,  and  seizure 
will  t£ike  place  x/ithin  a  fevr  cycles  as  alternate  solenoids  are  energized. 
The  valve  will  function  normally  at  the  higher  temperatxrre  when  the 
temperature  stabilizes  throughout  the  valve.  An  assembly  with  increased 
clearance  was  fovind  to  behave  similarly.  It  was  concluded  that  this 
type  malfunction  can  not  be  eliminated  by  increased  clearance  and  still 
maintain  a  reasonable  leakage  rate.  The  situation  described  is  not 
peculiar  to  these  particular  valves.  It  should  be  typical  of  many 
sleeveless  valves  or  of  valves  In  which  the  sleeve  is  shrink  fitted 
into  the  valve  body.  It  is  mentioned  here  only  because  the  situation  is 
one  which  the  system  designer  should  be  aware  of. 

Orifice  protection  -  Erratic  performance  of  the  25  GPM  relief  valve 
x/us  obtained  dxiring  development  testing.  This  was  first  thouf^t  to  be 
the  result  of  entrapped  air  being  released  from  the  fluid  as  it  passed 
throught  the  0.015  inch  diameter  orifice  to  the  pilot  stage.  Air  was 
accumulated  between  the  slave  poppet  and  pilot  poppet  which  vms 
difficult  to  bleed  from  the  valve.  Once  this  occurred,  a  very  lox-;  in¬ 
let  pressure  was  sufficient  to  move  the  slave  poppet  against  the  cushion 
of  air  so  that  rated  flow  v/us  passed  from  inlet  to  outlet  ports.  How- 
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ever,  further  investigation  showed  that  this  erratic  perfonnance  was 
causibd  by  partial  clogging  of  the  screen  which  protects  the  orifice. 

\ifhen  the  screen  was  thoroughly  cleaned  the  valve  functioned  properly 
regardless  of  the  quantity  of  air  trapped.  The  filter  screen  used  was 
an  absolute  20  micron  rating  which  is  a  higher  degree  of  filtration  than 
required  in  this  application.  Specification  MIL-H-5^4o  requires  that 
all  orifice  holes  smaller  than  O.070  inch  diameter  in  flow  regulators 
and  restrictors  be  protected  by  a  filter  element  having  a  screened  open¬ 
ing  of  0.008  inch  to  0.012  inch.  Most  valve  manufacturers,  being  aware  of 
this  requirement,  utilize  a  filter  screen  to  protect  the  orifice  in  valves 
other  than  restrictors  and  flow  regulators;  however,  they  sometimes  use 
a  screen  which  does  not  conform  to  the  above  dimensions.  The  require¬ 
ment  for  a  screen  with  a  O.OO8  inch  minimum  opening  should  apply  to 
such  pilot  operated  valves  as  relief  valves,  priority  valves,  and 
solenoid  operated  selector  valves.  Too  high  a  degree  of  filtration 
will  encourage  clogging  and  thereby  defeat  the  purpose  of  the  filter. 

Filter  assembly  differential  pressure  indicators  -  The  indicator 
in  a  filter  assembly  is  used  to  sense  the  differential  pressure  between 
the  upstream  and  downstream  sides  of  the  filter  element.  The  indicator 
design  is  usually  based  upon  pressure  acting  upon  a  piston  until  the 
force  becoimss  great  anou^  to  overcome  the  preload  in  a  spring  -  at  which 
time  a  red  indicator  button  "pops  out."  Most  indicator  designs  for 
low  temperature  applications  utilize  elastomers  as  dynamic  seals  on 
the  sensing  piston.  Qualification  of  a  high  temperature  indicator 
utilizing  reed  seals  as  a  dynamic  seel  was  attempted  on  the  4  GFM  filter. 
While  this  provided  no  initial  leakage  and  a  low  leakage  rate  after 
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pnduranno  cycling,  the  design  could  not  tae  considered  satisfactory  be¬ 
cause  of  external  leakage.  The  indicators  which  v;ere  ultimately  qualified 
in  the  U,  12,  and  25  GIW  filters  were  magnetic  types  in  which  both  the 
indicator  button  and  the  actuating  piston  are  pennanent  magnets  separated 
by  a  thin  steel  wall.  No  external  dynamic  seals  are  required.  An 
Internal  dynamic  seal  is  still  needed  on  the  sensing  piston. 

Filter  washout  -  Much  effort  was  spent  in  developing  filter  con¬ 
figurations  for  use  within  the  restrictor  valves.  All  orifices  smaller 
than  0.07  inch  in  diameter  must  be  filtered,  and  these  filters  repeatedly 
failed  during  the  erosion  teat  in  which  flow  sufficient  to  maintain  a 

t 

5,000  psl  differential  pressure  Is  passed  through  the  orifice.  Several 
different  types  of  wire  cloth  were  used.  An  acceptable  valve  was  finally 
created  by  Including  baffle  pates  to  disburse  the  flow  and  reduce  the 
velocity  through  each  filter. 
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CONCmSIONS 

Figures  3  through  9  show  photographs  of  the  completed  modular 
valves,  the  switch,  and  filter  assemblies.  Three  units  of  each  type 
shown  have  been  produced  for  delivery  to  the  Commanding  Officer, 

U.  S.  Naval  Air  Material  Center,  Naval  Base,  Philadelphia  ]2, 
Pennsylvania,  in  partial  fulfillment  of  the  requirements  of  Contract 
NOas  59-^19-c*  One  of  the  three  units  has  been  subjected  to  the 
qualification  tests  specified  in  the  applicable  specification  (see 
appendix).  The  other  two  units  have  been  acceptance  tested,  and 
some  have  been  subjected  to  random  tests  from  qualification  or  to 
teats  within  packages.  Table  shows  the  acceptance  test  effort  for 
each  of  the  units.  The  following  documentation  necessary  to  the 
establishment  of  a  Qualified  Products  List  has  been  forwarded  to  the 
Bureau  of  Naval  Weapons,  Navy  Department,  Washington  25#  D.C.: 

2  copies  of  each  suggested  MIL  specification 

2  copies  of  list  of  materials 

1  reproducible  drawing  of  component 

2  copies  of  component  drawing 

2  copies  of  qualification  test  report 

2  copies  of  each  suggested  MS  standard  page 
Each  of  the  manufactxu:erB  listed  in  Table  5  is  considered  to  be 
eligible  for  inclviaion  in  a  Qualified  Products  List  for  Type  III  aircraft 
hydraulic  componente.  In  addition  to  these  components  the  following 
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ONE  WAY  RESTRICTOR  &  TV;0  WAY  RESTRICTOR 


1500,  3000,  &  4000  PSI  SYSTEM  THERMAL  RELIEF  VALVES 


FIGURE  3 

MODULAR  VALVE  ASSEMBLIES 
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UT-orr  VALVES 
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TABLE  4 

EVALUATIOH  TESTS 


Component 

Times 

Test 

Conducted 

Times 

Returned 

To  Vendor 

Final 

Confipiuratlon 

Acceptable 

No.  Of 

Parts 

Tested 

1. 

Reatrlctor,  2  Way^  Class  B 

1 

Yes 

1 

2. 

"  1  Way,  •'  A 

1 

Yes 

1 

3. 

Check  Valve,  Class  A 

1 

Yes 

1 

4. 

11  It  II  2 

1 

Yes 

1 

5. 

it  ti  c 

3 

1 

Yes 

3 

6. 

Shuttle  Valve,  Claes  A 

1 

1 

Yes 

7. 

It  N  B 

1 

Yes 

8. 

n  n  ”0 

2 

2 

Yes 

9. 

Pressure  Svitch 

1 

Yes 

10. 

Thermal  Relief  Valve, Class  A 

2 

Yes 

11. 

ft  n  ”  B 

2 

1 

Yes 

12. 

tt  ft  ti  ti  Q 

1 

Yes 

1 

13- 

Priority  Valve,  Class  A 

1 

1 

No 

1 

14, 

(f  M  Cl  g 

2 

1 

Yes 

2 

15. 

f]  ”  ”  0 

2 

2 

Yes 

2 

16. 

Pressure  Belief  Valve, Class  A 

1 

Yes 

1 

17. 

tt  tl  It  H  0  , 

3 

2 

Yes 

3 

18. 

Pres.  Oper.  Shut-Off  V,  Class  A 

3 

2 

No 

3 

19. 

tt  u  ft  B 

3 

1 

No 

1 

20. 

n  It  ft  '*0 

0 

0 

- 

0 

21. 

Select .Val.  4W-3P,  Clasa  A 

1 

1 

No 

1 

22. 

n  II  tt  *'0 

1 

Yes 

23. 

Filter,  Class  A 

2 

1 

Yes 

24. 

It  n  B 

2 

Yes 

25. 

"  "  c 

1 

Yea 

1 

26. 

27. 

Sol.  Oper.  Seq.  Valve,  Class  B 

It  t!  II  tt  ^0 

1 

Yes 

1 

28. 

3W-2P,  Control  Val,  Class  A 

2 

1 

Yes 

1 

29. 

30. 

ft  If  11  n  Q 

M  fl  II  If  0 

1 

Yes 

1 

31. 

32. 

Sol.  Oper.  Shut-Off  V,  Class  C 

tl  fl  n  tt  It  0 

1 

Yes 

1 

33. 

4W-3P,  Control  Valve,  Class  B 

1 

Yes 

1 

‘^3 


TABLE  5 

RFXJOMMENDATIOWS  FOR  QUAUPIED  PRODUCTS  LIST 


Manufacturer 

Component 

Crescent  Sargent  Corporation 

Check  Valve  -  4  GPM 

Gar  PreciBlon  Parts,  Inc. 

Check  Valve  •*  12  GPM 

Republic  Manufacturing  Company 

Check  Valve  -  25  GBl 

Ronson  hydraulic  Units  Corporation 

One  Way  Restrictor 

Ronson  Hydraulic  Units  Corporation 

Two  Way  Restrictor 

Bendlx-Pacific  Division  • 

Thermal  Relief  Valve 
(2100  to  3100  psi) 

Fluid  Regulators  Corporation 

Thermal  Relief  Valve 
(3100  to  4100  psi) 

Altair,  Inc . 

Thermal  Relief  Valve 
(4100  to  5100  psi) 

Consolidated  Controls  Corporation 

Shuttle  Valve  -  4  GFM 

Ronson  Hy<iraulic  Units 

Shuttle  Valve  -  12  GPM 

Langley  Corporation 

Shuttle  Valve  -  25  GPM 

Rochester  Manufacturing  Company 

Pressure  Switch 

Sargent  Engineering  Corporation 

Priority  Valve  -  25  GBl 

M.  G.  Manufacturing  Company 

Relief  Valve  -  4  GPM 

Bendix  -  Pacific  Division 

2  Way,  2  Position  Selector 

Valve  -  25  GFM 

Ronson  Hydraulic  Units  Corporation 

Solenoid  Operated  Sequence  Valve 
-  25  GFM 

Bendix  -  Pacific  Division 

4  Way,  3  Position  Selector  Valve 
-  25  GPM 

Bendix  -  Filter  Division 

Filter  -  4  GFM 

Aircraft  Porous  Media 

Filter  -  12  GPM 

Aircraft  Poroua  Media 


Filter  -  25  GPM 
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units  have  completed  qualification  tests  with  some  deficiency  which 
does  not  meet  the  requirements  of  the  applicable  specification; 

1.  Three  way,  two  position  selector  valve  -  (25  GH4)  - 
Whittaker  Controls 

2.  Three  way,  two  position  selector  valve  -  (4  GFM)  - 
Sargent  Engineering 

3.  Pour  way,  three  position  selector  valve  -  (4  GPM)  - 
Whittaker  Controls 

Items  (l)  and  (2)  above  leaked  excessively  and  experienced  dielectric 
failure  of  the  solenoid  during  the  vibration  test.  The  schedule  for 
completion  of  Project  li^dratoy  does  not  allow  time  for  fabrication 
of  new  valves  and  qualification  of  those  units.  Production  valves 
could  have  these  deficiencies  corrected  by  closer  control  of  the 


clearance  in  lap  assemblies  and  by  use  of  a  solenoid  wire  which  is 
less  subject  to  failure  than  the  ceramic  insulated  wire  which  was 
used  on  the  prototype  valves.  In  order  that  the  three  way  valve 
specification  be  satisfied,  the  following  qualification  tests  should 
be  performed  on  a  production  valve  in  the  order  listed:  (a)  leakage 
(paragraph  4.6.3),  (b)  Vibration  (paragraph  4.6,12),  and  (o)  Solenoid 
Current  Drain  (paragraph  4.6,7).  Item  (3)  above  also  experienced 
dielectric  failure  in  the  solenoid.  It  requires  additional  testisig 
of  a  redesigned  solenoid  to  render  it  suitable  for  a  qualified  products 
list.  Development  problems  discussed  in  Section  III  have  delayed 
conpletion  of  the  qualification  tests  on  several  valves.  The  fol¬ 
lowing  units  are  still  undergoing  tests  and  will  be  eligible  for 
inclusion  in  the  Qualified  Products  List  if  test  results  are  satisfactory? 


1.  Relief  Valve  -  25  QIM  -  Benbow  Manufacturing  Co. 

2.  2  Way,  2  Position  Selector  Valve  -  25  GFM  -  IfydroAire 

3.  3  Way,  2  Position  Selector  Valve  -  25  GPM  -  IfydroMre 

U,  Solenoid  Operated  Sequence  Valve  -  12  GIM  -  i^droAire 

5.  U  Way,  3  Position  Selector  Valve  -  12  GEM  -  Ronson  I^/draulic 

Units  Corp. 

6.  Priority  Valve  -  U  OFM  -  Fluid  Regulators  Corporation 

Experience  in  testing  T^rpe  III  components  has  led  to  the  conclusion 
that  100^  of  the  units  received  from  the  manufacturer  must  be  subjected 
to  acceptance  tests.  Many  of  the  units  received  have  not  functioned 
properly  even  though  they  were  fabricated  in  a  model  shop  and  should  be 
expected  to  be  of  high  quality.  The  high  rejection  rate  may  be  attri¬ 
buted  to  the  fact  that  the  units  are  model  shop  parts  and  that  standard 
Chech  out  procedures  have  not  been  established  at  the  sovirce  of  manu¬ 
facture.  Sampling  procedinre  should  not  be  inaugurated  until  a  siifficient 
history  of  a  design  and  the  manufacturer  of  the  component  is  accumulated 
to  warrant  testing  by  samples.  While  most  of  the  solenoid  operated 
selector  valves  were  qualified  with  solenoids  wound  from  a  ceramic  coated 
wire,  this  wire  cannot  be  considered  desirable  for  production  valves. 

It  can  be  made  to  work  satisfactorily  but  only  with  an  unreasonable 
degree  of  care  in  the  winding  of  the  coll.  At  the  time  the  valves  were 
designed  a  survey  revealed  that  the  ceramic  coated  wire  was  the  only 
available  wire  which  wovild  withstand  continuous  operation  at  650‘*P. 

Late  in  the  program  two  manxtfacturera  turned  to  an  alternate  wire  known 
as  Annaconda  ML.  TSils  wire  has  a  Dupon  Herox  film  for  insulation  and 
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This  Is  the  final  report  of  a  research  and  development  program 
sponsored  by  the  Airborne  PJqulpraent  Division  of  the  Bureau  of  Naval 
Weapons  for  the  development  of  Modular  Hydrauilic  components  and  concepts. 
Hie  program  is  informally  call.ed  "Pro,1ect  Hyd,ratoy"  and  ms  initiated  in 
December  of  I958.  The  technical  monitor  for  the  program  was  Mr.  B.  L. 
Mettee  of  the  Airborne  Equipment  Division. 

Yr>  "**neral  terras,  the  program’s  basic  objectives  are  to: 

1.  D  -age  groups  of  individual  components  into  one  housing  to  save 
w&ight  and  space  and  to  gain  reliability. 

2.  Nfeike  the  use  of  packages  more  attractive  and  to  simplify  instal¬ 
lation  and  maintenance  by  providing  a  standard  line  of  self- 
contained  cartrldge-llke  components  for  use  in  these  packages. 

3.  Carry  this  integration  one  step  further  and  investigate  ways  and 
means  of  physically  Integrating  the  complete  hydraulic  system 
into  its  supporting  structiupe. 

4.  Develop  the  above  concepts  for  a  450°F,  4,000  psl  hydraulic  sys¬ 
tem  using  corrosion-resistant  raateilals  and  metallic  seals. 

Till report  is  published  in  four  separately  bound  parts: 

Part  I  contains  results  of  metallic  seal  and  package  development. 

Part  II  presents  results  of  modular  component  development  and  the 
speci ^cations  and  standards  for  those  components. 

Part  III  contains  results  of  development  in  the  integrated  system 
concept  and  design  criteria  for  that  concept. 

."art  rv  is  a  report  of  materials  and  process  development  which 
occurred  in  conjunction  with  and  as  a  result  of  development  effort 
in  metallic  seals,  packages,  components,  and  system  integration. 
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INTRODUCTION 


The  modular  hydraulic  program  was  Initiated  for  the  purpose  of 
Inrprovlng  aircraft  hydraulic  systems  through  the  use  of  the  packaged 
system  concept.  The  potential  improvements  to  be  realized  ares  a 
reduction  in  space  requirements;  improved  system  reliability  through 
reduction  in  leak  points;  improved  system  maintenance;  reduction  in 
system  weight;  and  I’educed  logistical  effort  through  standardization 
of  components. 

The  objective  of  Phase  II  was  to  develop  and  qualify  a  series  of 
modular  hydraulic  components  for  application  in  Type  III,  packaged 
systems.  It  was  required  that  the  components  be  capable  of  continuous 
operation  in  MLO-8200  fluid  at  450®F  with  eimbient  temperature  of  650“P. 
The  development  and  qualification  of  the  series  of  components  was 
accomplished  through  the  combined  efforts  of  Chance  Vought  Corporation 
and  a  large  segment  of  the  hydraulic  equipment  industry.  A  total 
of  twenty  components  have  successfully  completed  qualification  tests 
and  are  suitable  for  use  in  Type  III  systems  with  growth  potential 
for  Type  IV  systems. 
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DESIGN  PHILOSOPHy 

Previous  hydraulic  package  designs  had  been  for  specific  applications 
with  no  attempt  to  standardize  the  valves  which,  with  a  manifold,  made 
up  the  package.  The  objective  of  this  phase  was  to  develop  and  qualify 
sample  units  of  a  selected  list  of  hydraulic  components  which  are  used 
in  most  systems.  Originally  a  high  temperatxn*e  capability  of  400®P 
was  selected  for  this  program  to  agree  with  the  temperature  range 
arbitrarily  established  for  the  lype  III  system.  However,  when  it  be-  . 
came  apparent  that  actual  aircraft  being  developed  by  North  American 
Aviation  for  the  Air  Force  would  require  450“P  capability,  it  was  decided 
that  an  increase  to  this  value  would  result  in  more  usable  standards. 

This  decision  meant  that  the  valves  had  to  be  designed  around  metallic 
seals  rather  than  elastomeric  seals  and  that  MLO-8200  hydraulic  fluid 
would  be  used  Instead  of  MIX)-8515  fluid.  The  nominal  system  pressure 
was  selected  to  be  4,000  psi.  Burst  pressure  was  taken  as  10,000  psi 
at  room  temperature  while  proof  pressure  was  taken  as  6,000  psi  at  450 “P. 

In  order  to  coordinate  the  development  work  being  done  on  the 
modular  hydraulics  program  with  the  weapon  systems  being  designed  by 
both  Air  Force  and  Navy  Contractors,  an  industry  conference  was  held  at 
Chance  Vought  on  January  19th  and  20th,  1959*  addition  to  the  pre¬ 
viously  mentioned  ground  rules  the  following  decisions  were  reached  at 
the  conference; 

(l)  Vibration  tests  will  be  required  as  a  part  of  qualification 


of  each  component. 
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(2)  Components  must  be  capable  of  operation  with  the  fluid 
temperature  from  -65  to  +  450"P  but  should  not  be  required  to  meet 
response  requirements,  pressxire  drop  requirements,  et  cetera,  below 
-20“P. 

(3)  The  usual  168  hour  soak  at  high  temperature  is  not  required 
as  a  part  of  qualification  since  metallic  seals  are  used  in  place  of 
elastomeric  seals, 

(4)  The  components  should  be  a  stepped  configuration  with  the 
metallic  seals  located  on  these  steps.  The  step  design  makes  it  im¬ 
possible  to  install  a  valve  backward  in  a  manifold. 

(5)  Only  one  unit  of  each  type  and  size  need  imdergo  qualification. 
Maximum  and  minimum  tolerance  units  are  usually  qualified  to  verify  the 
design  under  conditions  of  varying  "O”  ring  squeeze.  This,  it  was  felt, 
is  not  necessary  when  metallic  seals  are  used.  A  mathematical  analysis 
of  clearances  is  required  to  show  that  seizure  of  mating  parts  will  not 
occur  when  the  parts  are  made  to  the  extremes  of  tolerance  permitted 

by  detail  drawings. 

The  components  selected  for  development  are  listed  in  Table  1. 

Many  of  these  units  were  developed  in  several  sizes  to  handle  different 
flow  rates  (O  to  4  GIM,  4  to  12  GBl,  or  12  to  25  GFM)  or  different 
pressure  ranges.  Each  unit  was  designed  to  incorporate  a  different  size 
thread  or  some  other  device  to  prevent  one  unit  from  inadvertently  being 
Installed  in  the  cavity  intended  for  a  different  type  of  component.  This 
feature  should  improve  system  reliability  by  making  it  impossible  for 
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TABLE  1 


COMPONENTS  SELECTED  FOR  DEVELOPMENT 


Components 

Sizes 

Number  of  Vendor 
Contracts 

Total  Units 

(1) 

thermal  relief  valve 

3 

3 

9 

(2) 

pressure  relief  valve 

2 

2 

6 

(3) 

check  valve 

3 

3 

9 

(4) 

shuttle  valve 

3 

3 

9 

(5) 

one  way  restrictor 

1 

1 

3 

(6) 

two  way  restrictor 

1 

1 

3 

(7) 

filter 

3 

3 

9 

(8) 

priority  valve 

3 

3 

9 

(9) 

pressure  operated  shut-off 
valve 

3 

3 

9 

(10) 

pressure  switch 

1 

1 

3 

(11) 

solenoid  operated  sequence 
valve 

2 

2 

6 

(12) 

solenoid  operated  shut-off 
valve 

1 

2 

6 

(13) 

solenoid  operated  3  way 

2  position  valve 

2 

3 

9 

(14) 

solenoid  operated  4  way 

3  position  valve 

3 

3 

9 

Totals 

31 

33 

99 

5 


maintenance  personnel  to  Install  the  wrong  valve  or  to  install  a  given 
valve  hacKwards.  Each  cartridge  valve  has  been  designed  as  a  self-con¬ 
tained  component  which  may  be  removed  from  one  package  and  installed  in 
another  without  disassembly,  readjustment  of  setting,  or  impairment 
of  function.  Many  packaged  systems  utilize  an  approach  wherein  poppets, 
springs  and  other  items  making  up  a  valve  are  assembled  directly  into 
the  package  instead  of  being  self-contained.  This  approach  is  not 
coii5)atible  with  the  goals  of  standeirdization,  ease  of  system  maintenance, 
reliability,  and  low  overall  cost  which  are  possible  through  the  packaged 
system  concept. 

Components  are  generally  qualified  in  exceptionally  clean  systems 
which  are  not  typical  of  the  systems  in  operational  aircraft.  It  is 
desirable  that  components  be  qualified  in  a  system  which  is  as  much  as 
possible  like  the  system  in  which  they  will  be  used.  To  assure  that  the 
modular  valves  would  be  tolerant  of  contamination,  a  controlled  amount 
of  contaminant  was  added  to  the  qualification  test  systems. 

A  cavity  was  established  for  each  component  to  assure  proper  fit 
of  the  module  in  the  package  and  proper  squeeze  on  the  metallic  seals. 

9 

These  cavities  may  be  seen  in  the  suggested  MS  pages  enclosed  in  the 
appendix  to  this  report.  To  eliminate  the  possibility  of  installing 
the  wrong  size  or  type  component,  each  cavity  differs  for  all  sizes  and 
types  of  component.  A  thin-walled  test  housing  was  designed  for  each 
component  and  forwarded  to  the  vendors  as  suggested  test  housings  for 
qualification  tests.  The  thin-walled  test  housing  simulates  the  type  of 
manifold  which  is  used  in  flying  hydraulic  systems. 


II 


DEVELOFMBNT  EROCEWJRE 

Immediately  following  the  conference  of  Naval,  Air  Force,  and  air¬ 
frame  manufacttirer  representatives  a  symposium  was  held  with  150  repre¬ 
sentatives  of  the  hydraulic  equipment  industry  to  present  a  briefinsc  on 
Project  Hydratoy,  to  exchange  ideas,  and  to  gather  opinions.  At  this 
symposium  a  minimum  requirement  specification  was  distributed  to  all 
interested  vendors  and  non-competitive,  preliminary  proposals  were 
invited  to  aid  in  establishment  of  envelopes.  Upon  receipt  of  these 
preliminary  proposals  Chance  Vought  Corporation  began  an  evaluation  with 
a  view  toward  determining  the  minimum  reasonable  envelope  for  the  most 
feasible  designs  proposed.  A  procurement  specification  and  an  envelope 
control  drawing  were  then  prepared  for  each  component.  These  were  sent 
to  each  vendor  who  submitted  a  preliminary  proposal.  Upon  receipt  of 
the  final  proposals  the  bids  were  reviewed,  designs  were  reviewed,  and 
a  selection  of  vendors  was  made  jointly  by  the  Bureau  of  Naval  Weapons 
and  Chance  Vought  Corporation.  Table  2  lists  the  manufacturers  who  sub¬ 
mitted  a  proposal  on  each  specific  valve.  Contract  awards  were  then 
made  for  the  development  and  qualification  of  the  components.  Each  con¬ 
tract  specified  that  three  components  of  each  type  were  to  be  manufactured. 
One  became  the  qualification  unit  while  the  other  two  were  subjected  to 
acceptance  tests  by  Chance  Vought,  The  knowledge  gained  throughout  the 
development  and  qualification  programs  was  fed  back  for  incorporation 
into  the  MIL  type  specification  and  MS  type  drawing  which  has  been  pre¬ 
pared  for  each  component.  The  complete  set  of  specifications  and  suggested 
MS  standards  may  be  seen  in  the  appendix  to  this  report . 
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In  establishing  the  envelope  for  these  valves,  the  preliminary 
proposals  received  were  placed  on  charts  to  facilitate  comparison.  These 
were  then  reviewed  to  determine  those  designs  vrhich  best  met  the  re¬ 
quirements  of  the  applicable  procurement  specification.  They  were  then 
narrowed  down  to  a  single  design  or  usually  a  composite  design  around 
which  an  envelope  could  be  established.  The  design  approach  selected 
was  modified  to  accept  metallic  seals  of  the  sizes  listed  in  specification 
CVC  2464-  (see  appendix.  Part  1  of  this  report) .  The  design  was  further 
modified  to  affect  miniaturization.  Consideration  was  given  to  the 
flow  area  requirements  around  all  valve  ports  which  would  enable  the 
valve  to  pass  rated  flow  without  exceeding  the  allowable  pressure  loss. 

A  nominal  fluid  velocity  of  25  feet  per  second  was  used  as  a  guide  in 
determining  the  size  of  the  various  valves.  It  was  originally  plaimed 
that  three  sizes  of  valve  would  be  developed  in  the  pressure  relief 
valve,  solenoid  operated  shut-off  valve,  solenoid  operated  sequence  valve, 
and  the  solenoid  operated  3-way,  2 -position  valve.  Each  size  was  intended 
to  cover  one  of  the  flow  rates  0  to  4  frIM,  4  to  12  GIM  or  12  to  25 
Design  layouts  were  made  for  each  flow  rate;  however,  the  increment  of 
Increase  in  dimensions  was  so  small  between  one  class  and  the  next  that 
three  separate  valve  standards  ere  not  warranted.  In  the  case  of  the 
solenoid  operated  valves  the  solenoid  is  the  same  size  regardless  of  the 
flow  capacity  of  the  main  stage.  It  can  be  seen  that  the  solenoid  and 
the  pilot  stage,  which  together  comprise  the  bulk  of  a  valve,  are  im- 
affected  by  flow  rate.  Only  the  size  of  the  main  stage  increases  for 


higher  flow  rates 


8 


TABLE  2 

LIST  OP  MANUFACTURERS  SUBMITTING  PR0PO3AIS  ON  EACH 
MODULAR  COMPONENT 


CHECK  VALVE 

Accessory  Products  Company 
Air  Products  Compeiny 
Altair,  Inc. 

Benbow  Manvifacturing  Company 
Com-Alr  Products 
Gonair,  Inc . 

Crescent -Sargent  Corporation 

Crissalr 

De  Goto  Brothers 

Fluid  Regulators  Corporation 

Gar  Precision  Parts 

Ifydro-Alre,  Inc. 

Integral  Corporation 
James,  Pond  and  Clark,  Inc . 
Langley  Corporation 
Lear,  Inc . 

M.C.  Manufacturing  Company 
Pantex  Manufactvirlng  Company 
Pneudraullcs,  Inc . 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 


RESTRICTOR 

Accessory  Products  Company 
Air  Products  Company 
Altair,  Inc. 

Benbow  Manufacturing  Company 
Com-Air  Products 
Conair,  Inc. 

De  Goto  Brothers 
Gar  Precision  Parts 
H/dro-Aire,  Inc. 

Integral  Corporation 
Langley  Corporation 
Lear,  Inc. 

M.C,  Manufacturing  Company 
Pantex  Manufacturing  Company 
Pneudraullcs,  Inc. 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 
Ronson  Hydraulic  Units 
Vinson  Manufacturing  Company 
The  Weatherhead  Company 
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TABLE  2  LIST  OF  MAMUFACTURERS 
COMPONENT  (Continued) 

CHECK  VALVE 
Ronson  I^draulic  Units 
Vinson  Manufacturing  Company 
The  Weatherhead  Company 

THERMAL  RELIEF 
Altair,  Inc . 

Benbow  Manufacturing  Company 
Bendix -Pacific  Division 
Besler  Corporation 
Com-Air  Products 
Fluid  Regulators  Corporation 
Gar  Precision  Parts 
Hydra -Power  Corporation 
Hydraulic  Research 
M.  C.  Manufacturing  Company 
'  Pantex  Manufacturing  Company 
Parker  Aircraft  Company 
Pneudraullcs,  Inc. 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Con  y 


SUBMITTING  PROPOSAIS  ON  EACH  MODULAR 


SHUTTLE 
Altair,  Inc. 

Benbow  Manufacturing  Company 

Com-Air  Products 

De  Coto  Brothers 

Hydro -Power  Corporation 

Langley  Corporation 

M.C.  Manufacturing  Company 

Parker  Aircraft  Company 

Randall  Engineering  Corporation 

Ronson  Hydraulic  Units 

Sargent  Engineering  Corporation 

Vinson  Manufacturing  Company 

The  Weatherhead  Company 

PRIORITY  VALVE 

Adel  Precision  Products 

Bendix-Pacific  Division 

Com-Air  Products 

Fluid  Refpalators  Corporation 
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TABLE  2  LIST  OF  MANUFACTURERS  SUBMITTING  PROPOSALS  ON  EACH  MODULAR 
COMPONENT  (Continued) 


THERMAL  RELIEF 
The  Weatherhead  Company 
SEQUENCE  VALVE 
Altair,  Inc. 

Bendix-Pacific  Division 
Com-Alr  Products 
]^dro-Aire 

Ronson  I^draulic  Units 
RELIEF  VALVE 
Adel  Precision  Products 
Altair,  Inc . 

Behbow  Manufactiuring  Corporation 
Bendlx-Paciflc  Division 
Carleton  Aviation 
Com-Air  Products 
Fluid  Regulators  Corporation 
M,  C.  Manufacturing  Company 
Pneudraulics,  Inc. 

Republic  Manufacturing  Corporation 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Company 
The  Weatherhead  Company 
Whittaker  Controls 
FOUR-WAY  VALVE 

Altair,  Inc. 


PRIORITY  VALVE 

Hydra -Power  Corporation 

Ifydro-Alre 

Parker  Aircraft  Company 
Sargent  Engineering  Corporation 
Vinson  Manufactiiring  Company 

PRESSURE  SHUT-OFF 
Adel  Precision  Products 
Altair,  Inc . 

Bendix-Pacific  Division 
Corn-Air  Products 
Fluid  Regulators  Corporation 
Ifydra -Power  Corporation 
ifydro-Aire,  Inc. 

Republic  Manufacturing  Company 
Randall  Engineering  Corporation 
Ronson  Hydraulic  Units 
Sargent  Engineering  Corporation 
Tavco,  Ltd. 

Vinson  Manufacturing  Company 
Waldorf  Instrument  Company 
The  V/eatherhead  Company 
PRESSURE  SWITCH 


Aircraft  Controls  Company 
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T/VBI^;  2  nST  OF  MANUFACTURERS  SUBMIITING  H?OI-’OSA.lS  ON  EACH  MODULAR 
COMPONENT  (Continued) 


PRESSURE  SWITCH 


FOUR-WAY  VALVE 
Bendxx -Pacific  Division 
Hydro -Aire 

Ronson  Hydraulic  Units 
Sargent  Engineering  Corporation 
Whittaker  Controls 
Weston  ^draulics.  Ltd. 
THREE-WAY  SELECTOR  VALVE 
Adel  Precision  Products 
Altair,  Inc. 

Bendix -Pacific  Division 
Hydra-Power  Corporation 
Hyda:o-Aire,  Inc. 

Moog  Servocontrols,  Inc. 

Parker  Aircraft,  Inc. 

Randall  Engineering  CoiTporation 
Ronson  Hydraulic  Units 
Sargent  Engineering  Corporation 
Vinson  Manufacturing  Company 
Whittaker  Controls 
FILTER  ASSEMBLY 
Aircraft  Porous  Media 
Bendix  -  Filter  Division 


Benbow  Manufacturing  Corporation 
Century  Electronics 
Cook  Electric  Company 
Randall  Engineering  Corporation 
Rochester  Gage  Company 

TWO-WAY  SELECTOR  VALVE 
Adel  Precision  Products 
Altair,  Inc . 

Bendix -Pacific  Division 
Corn-Air  Products 
Hydra -Power  Corporation 
Hydro-Aire,  Inc . 

Marotta  Valve  Corporation 
Parker  Aircraft  Coi'poration 
Randall  Engineering  Corporation 
Ronson  Hydraulic  Units  Corporation 
Sargent  Engineering  Corporation 
Vinson  Manufacturing  Company 


Permanent  Filter  Corporation 


1.2 


Development  contracts  were  awarded  to  component  suppliers  as 
noted  in  Table  3* 

In  the  development  program  for  each  component  listed  above,  the 
manufacturer  was  required  to  submit,  for  approval,  a  qualification  test 
procedure  and  a  test  housing  design.  The  development  program  was 
monitored  through  qualification  and  approval  of  the  qualification  test 


report . 
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TABUS  3 

LIST  OF  ^^AI(IWACTURERS  AWARDED  DEVEWFMEWT  COKTRAGTS 


Check  Valve 

(Qualification  performed  by 
Check  Valve 

(Qualification  performed  by 
Check  Valve 

(Qualification  perfol'med  by 
One  way  restrictor 


Two  way  restrictor 
Thermal  relief  valve 

Thermal  relief  valve 


4  GB4  Crescent  Sargent  Corporation 

55^3  E,  Admiral  Place 
Tulsa,  Oklahoma 
Aerotest  Laboratories) 

12  GFM  Gar  Precision  Parts,  Inc. 

36  Ludlow  Street 
Stanord.  Connecticut 
Aerotest  Laboratories) 

25  GRI  Republic  Manufacturing  Company 

15655  Brookpark  Road 
Cleveland  11,  Ohio 
Aircraft  Equipment  Testing  Company) 

0  to  *4-  GH'l  Ronson  IJydraullc  Units  Corporation 
1313  Lincoln  Avenue 
Pasadena,  California 

0  to  12  GFM  Ronson  hydraulic  Units  Corporation 


2100  to  3100  psi 


Bendix-Paclfic  Division 

11600  Sherman  Way 

North  Hollywood,  California 


(Qualification  performed  by 
Thermal  relief  valve  4100  to  5IOO  psi 


3100  to  4100  psi  Fluid  Regulators  Corporation 

313  Gillette  Street 
Painesville,  Ohio 
Wyle  Parameters  Laboratories) 


(Qualification  performed  by 
Shuttle  Valve 

(Qualification  performed  by 


Altair,  Incorporated 
50  St.  McQuesten  Pkvfy. 

Mt.  Vernon,  New  York 
Aerotest  Laboratories) 

4  GFM  Consolidated  Controls  Corporation 
750  S.  Isis  Avenue 
Englewood,  California 
Garwood  Laboratories) 


Shuttle  Valve  12  GIM  Ronson  Hydraulic  Units  Corporation 

Shuttle  Valve  25  GPM  Langley  Corporation 

310  Euclid  Avenue 
San  Diego,  California 

(Qualification  performed  by  Garwood  Laboratories) 


Pressure  Switch 


TABLE  3  (Continued) 


Rochester  Manufacturing  Co. 
Rochester,  New  York 

Three  way  selector  valve  k  GFM  Sargent  Engineering  Corporation 

2533  Rast  56th  Street 
Huntington  Park,  California 

Tlu’ee  way  selector  valve  25  GFM  Hydro-Aire,  Inc. 

3000  Winona  Avenue 

.  Burbank,  California 

(Qualification  performed  by  Ronson  Hydraulic  Units  Corp.) 

Three  way  selector  valve  25  GPM  Whittaker  Controls 

915  North  Citrus  Ave. 
lOB  Angeles  38,  California 

Priority  valve  4  OPM  Fluid  Regulators  Corporation 

313  Gillette  Street 
Painesville,  Ohio 

(Qualification  performed  by  Wyle  Parameters^ 

Priority  valve  12  GPM  Hydra  Power  Corporation 

Pine  Court 

New  Rochelle,  New  York 

(Qualification  performed  by  Aerotest  Laboratories) 


Friority  valve 

25  GFM 

Pressui’e  operated  shut-off 
valve 

4  GPM 

(Not  qualified) 

Pressure  operated  shut-off 
valve 

(Not  qualified) 

12  GPM 

Pressure  operated  shut-off 
valve 

(Not  qualified) 

25  GFM 

Relief  valve 

4  GPM 

Sargent  Engineering  Corporation 

The  Weatherhead  Company 
300  E.  13l8t  Street 
Cleveland,  Ohio 

Hydra  Power  Corporation 

Republic  Manufacturing  Corporation 

M.  C.  Manufacturing  Company 


P.  0.  Box  126 
Lake  Orion,  Michigan 

(Qualification  porf oj ucd  by  Aircraft  Equipment  Testing  Company) 
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TATTLE  3  (Continued) 

Relief  valve  25  CRM  Renbow  Manufacturing  Company 

11920  Jefferson  Boulevard 
Culver  Cityt  California 

(Qualification  performed  by  Chance  Vought  Corporation) 

Solenoid  operated  shut-off  25  GIM  Bendix-Paciflc  Division 

valve 

Solenoid  operated  shut-off  25  GIM  Hydro -Aire 

valve 

(Qualification  performed  by  Ronson  Iferdraulic  Units  Corp») 


Solenoid  operated  sequence  12  CFM  Hydro-Aire 

valve 

(Qualification  performed  by  Ronson  Hydraulic  Units  Corp.) 


Solenoid  operated  sequence 
valve 

25  GPM 

Ronson  Tfy-draulic  Units 
Corporation 

4  way, 
valve 

3  position  selector 
(cartridge  type) 

4  GIM 

Whittaker  Controls 

4  way, 
valve 

3  position  selector 
(face  mounted  type) 

12  GIM 

Ronson  Rydraulic  Units 
Corporation 

4  way, 
valve 

3  position  selector 
(cartridge  type) 

25  GBM 

Bendix-Paciflc  Division 

Filter 

4  GIM 

Bendix-Filter  Division 

434  West  12  Mile  Road 
Madison  Heights,  Michigan 

Filter 

12  GPM 

Aircraft  Porous  Media 

Glen  Cove,  New  York 

Filter 

25  GIM 

Aircraft  Porous  Media 

Ill 

DE’VELOI’MENT  WOBUilMS 

Numerous  problems  have  been  experienced  by  the  manufacturers  having 
development  contracts.  Problems,  however,  are  to  be  expected  when  an 
advance  in  the  state  of  the  art  is  attempted  to  produce  components  which 
operate  at  higher  temperatiores  and  pressures  and  which  are  produced  in 
new  configurations . 

The  problem  which  has  occurred  most  frequently  is  that  of  seal 
leakage.  Many  of  the  component  manufacturers  had  little  or  no 
experience  with  metallic  seals  prior  to  the  Project  Hydratoy  program. 
Surface  finish  and  amount  of  squeeze  must  be  controlled  much  more 
closely  for  metallic  seals  than  for  elastomeric  seals.  It  was  necessary 
to  develop  an  awareness  of  minute  details  which  are  essential  to  the 
satisfactory  performance  of  a  metallic  seal.  The  force  required  to 
compress  the  seal  is  large;  consequently,  componehts  Mere  often 
assembled  by  torquing  parts  together  until  the  torque  was  felt  to  be 
sufficient.  This  method  of  assembly  is  not  dependable,  for  the  seals 
were  frequently  not  compressed  enough  to  affect  a  leakproof  Joint. 

Each  assembly  is  designed  to  Impart  the  proper  squeeze  to  the  seal  when 
the  mating  parts  bottom  out  on  each  other.  Therefore,  the  recommended 
assembly  procedure  is  as  follows .  The  parts  should  be  assembled  with¬ 
out  any  seals  until  they  bottom  out  on  each  other.  An  index  mark  should 
be  placed  on  the  two  parts  to  indicate  the  position  where  bottoming  occurs. 
The  pax't  should  then  be  disassembled  and  reassembled  using  tbe  proper 
seals.  Sufficient  torque  must  be  apiilied  to  align  the  scribe  marks.  In 
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some  of  the  larger  componenta  where  multiple  aeala  are  corapreased  on 
installation,  the  torque  may  become  excessive  and  cause  thread  galling. 
This  can  be  prevented  by  presetting  each  seal  individually.  Presetting 
a  seal  consists  of  installing  only  one  seal  at  a  time  and  bottoming 
out  the  parts  so  that  the  seal  takes  a  permanent  set.  A  thread  lubricant 
is  also  desirable.  With  proper  attention  to  the  details  of  manufacturing 
and  assembling  parts,  excellent  results  can  be  expected  from  the  Hi  Ceal. 

Cartridge  configuration  -  A  second  problem  has  occurred  on  several 
slide  type  valves  which  does  not  exist  in  a  conventional  or  non -cartridge 
valve.  The  cartldge  valve  allows  flow  and  pressure  around  the  outside 
of  the  valve  body.  As  shown  in  Figure  1  the  slider  can  he  so  positioned 
that  the  pressure  on  the  outside  of  the  body  is  not  balanced  by  an 
equal  pressure  inside  the  body.  The  valve  body  (part  number  2)  is  thus 
made  to  contract  because  of  this  differential  pressure  and  seize  the 
slider  (part  number  l) .  In  the  conventional  valve  pressure  is  always 
contained  within  the  valve  body  so  that  the  effect  of  pressure  is  to 
increase  the  clearance  between  body  and  slider.  This  type  of  piston 
seizure  occurred  on  all  three  sizes  of  the  pressure  operated  shut  off 
valves  which  were  developed.  The  three  sizes  were  each  developed  by  a 
different  manvjfacturer  althou^  the  designs  were  somewhat  similar.  Each 
unit  could  be  made  to  open  and  close  within  a  very  narrow  range  of 
actuation  pressures  so  long  as  the  inlet  pressurization  was  low.  How¬ 
ever,  as  the  inlet  pressure  was  increased  to  4,000  psi  the  actuation 
pressure  required  to  open  the  valve  became  larger  while  the  actuation 
pressure  required  to  close  the  valve  was  reduced.  At  times  certain  ones 
of  the  valves  tested  at  Chance  Vou^t  remained  fully  open  with  complete 
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TYPICAL  PRESSURE  OPERATED  SHUT-OFF  VALVE  INSTALLED  IN  TEST  MANIFOLD 
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removal  of  the  actuation  pressure  until  the  inlet  port  pressurization 
was  reduced.  Late  in  the  program  it  became  apparent  that  the  shut  off 
valves  could  not  be  made  to  function  satisfactorily  without  a  complete 
redesign.  It  was  calculated  that  contraction  of  the  valve  body  diameter 
due  to  external  presavure  was  of  a  magnitude  of  0.0002  inch.  None  of 
the  three  valve  designs  were  successful  in  passing  qualification  tests. 
Both  the  suggested  MIL  specification  and  MS  standard  page  for  the 
pressure  operated  shut  off  valve  are  enclosed  in  the  appendix.  It  is 
possible  that  relocation  of  the  seals  from  the  positions  shown  might 
made  a  redesign  easier  to  accomplish. 

Lapped  fits  -  There  is  much  to  be  said  on  the  subject  of  lapped  fits. 
Since  there  la  no  really  good  dynamic  seal  suitable  for  the  environment 
specified,  lapped  fits  are  utilized  extensively  within  these  valves  to 
eliminate  dynamic  seals.  Some  of  the  many  facets  of  lapped  fits  which 
have  been  of  concern  in  the  modular  program  will  be  discussed. 

I^ydraulic  lock  -  Several  selector  valves  experienced  hydraulic  lock 
causing  the  slider  to  hang  in  one  position  or  another  diiring  development 
tests.  Hydraulic  lock  is  a  relatively  high  static  friction  force  which 
is  produced  by  pressure  acting  on  one  side  of  the  slider  -  forcing  the 
slider  against  one  wall  of  the  valve  body.  The  force,  normal  to  the 
axis  of  the  slider,  may  be  reduced  by  the  addition  of  labyrinth  grooves 
in  the  slider.  The  addition  of  labyrinth  grooves  is  quite  effective  in 
overcoming  hydraulic  lock.  A  surprisingly  large  number  of  valve  manu¬ 
facturers  design  valve  spools  without  grooves  in  the  lands.  The  grooves 
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are  added  only  after  hydraxtLic  lock  haa  occurred  on  a  given  design. 

This  is  probably  because  the  research  work  which  has  been  performed 

relative  to  hydraulic  lock  is  not  widely  known.  Some  experimental 

work  has  been  done  to  determine  the  variation  of  brealcout  force  with 

the  number  of  the  grooves.^  A  quantitative  theory  of  the  pressure 

distribution  and  the  resulting  land  force  for  various  land  configiarations 

2 

has  also  been  developed.  Some  designers  add  grooves  in  an  atten5)t  to 
reduce  lealcage  rate  -  the  theory  being  that  grooves  help  to  keep  the 
spool  concentric  within  the  valve  body.  Other  designers  dispute  this, 
and  there  seems  to  be  little  evidence  to  support  the  theory  that  the 
labyrinth  grooves  reduce  leakage  rate  of  an  incompressible  fluid. 

Lap  damage  from  contamination  -  Galling  and  seizure  of  lap  assemblies 
sometimes  occur  because  of  contaminant  being  wedged  into  the  clearance 
between  spool  and  valve  body.  The  land  should  intersect  the  groove 
of  a  spool  with  a  sharp  corner  to  reduce  the  tendency  of  galling  from 
this  cause. 


//////  V/  //  y-Tm 


■ 
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Particles  larger 
than  about  5  Microns 
unable  to  get  into 
clearance  gap. 


1 

B 

■ 

//  k  /Z  // 


With  radius  on  spool, 
larger  particles  can 
wedge  into  clearance  gap. 


D.  C.  Sweeney,  "Preliminary  Investigation  of  Hydraulic  Lock," 
Engineering,  Vol.  172  (1951)#  PP  513-516  and  580-582. 

P 

J.  F,  Blackburn,  G,  Reethof  and  J.  L,  Shearer,  Fluid  Power 
Control.  (Hew  York:  Wiley  and  Technology  Press  of  M.I.T.,  i960), 

PP  279-289. 
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Blind  Inpn  -  Manul'acluring  jaroblemD  arose  on  several  valves  in  which 
the  fomnlc'  part  wan  deslfiiied  as  n  blind  lap.  Thin  wan  caused  by  the 
doriifiner  fnilinc;  to  allow  sixlficient  room  for  the  lead  taper  on  the 
ln.p])inc  tool.  Exccnsivo  lesikaf^e  occured  because  the  valve  spool  could 
not  reach  the  Intended  shut-off  position. 


Blind  laps  presented  no  problem  where  a  relief  was  provided  on  either 
the  spool  or  the  bore  as  shown  below. 


Leakage  rate  -  Leakage  rates  ore  predicted  tlrrough  calculations  in  the 
detail  design  of  any  valve.  The  equation  used  to  calculate  lealcage 
rate  from  an  annular  flow  path  shows  that  the  lealcage  varies  inversely 
as  the  absolute  viscosity  of  the  fluid. 
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E  ^ 

Q  D  (1  +  1.3  (~^)3  )  (Pu  -  Pd) 

12  ^  L 

where  a  fluid  viscosity,  lb  sec/sq  in 
Q  a  volume  flow  rate,  cu  in/sec. 

D  a  diameter  of  passage,  inch 

b  a  passage  height,  inch 

Pu  a  upstream  pressure,  Ib/sq.  in 

Pd  a  downstream  pressure,  Ib/sq  in 

L  a  passage  length  (in  direction  of  flow),  inch 

E  a  eccentricity  of  spool  v/ithin  sleeve,  inch 

The  kinematic  viscosity  of  Oronite  8200  fluid  is  approximately  35 

centlstokea  at  and  3  centistokes  at  450°F  while  the  density  is 

approximately  0.925  gms/cc  at  90®F  and  O.765  gms/cc  at  450®F.^  Using 

these  values,  the  absolute  viscosity  may  be  determined  to  be  3^*8  x  10“^ 

lb.  sec/sq  in  at  90‘’F  and  2.4?  x  10“^  lb.  sec/sq  in  at  450®F.  The 

viscosity  change  corresponding  to  this  temperature  change  is  in  the 

ratio  l4  to  1.  The  equation  shown  above  then  indicates  that  leakage 

rate  will  be  approximately  l4  times  as  great  at  450“F  as  would  be 

experienced  at  90'’F  in  the  same  parts.  In  practice  the  leakage 

rate  has  not  changed  by  an  amount  approaching  the  calculated  change. 

In  tests  of  lapped  valves,  the  leakage  rate  at  450®  has  been  from 

1  to  2.5  times  the  values  recorded  at  90“F.  Certainly  pressure  as  hi^ 

as  4,000  psl  alters  the  viscosity,  but  no  data  is  available.  The  values 

of  viscosity  quoted  above  are  for  atmospheric  pressure.  Also  the  length 

of  the  waiting  period  before  measurement  is  begun  greatly  affects  the 

rate  which  will  be  measured.  Even  in  well  filtered  systems,  silting  will 


3  Ibid.,  p.  58 

N.W,  Furby,  R.  L.  Peeler  and  R.  I.  Stirton,  "Oronite  High- 
Ten5)erature  Hydraulic  Fluids  8200  and  8515,"  A.S.M.E.  paper  Ho.  56 — AV-22j| 
(New  York:A.S.M.E.,  1956),  Figs  3,4. 


occur  to  a  decree  sufficient  to  lower  the  leakage  rate.  The  amount 
of  contaminant  in  the  system  will  thus  affect  the  lealcage  rate  measured 
in  acceptance  testing  a  lapped  liydraulic  valve. 

Peirt  distortion  -  The  fotuc  way,  thi'ee  position  selector  valve 
has  been  developed  in  two  configurations:  (l)  face  moimted  and, 

(2)  cartridge.  The  main  stage  of  each  valve  type  is  a  lap  assembly 
made  up  of  a  slider  and  the  valve  body.  Very  small  deflections  in  the 
valve  body  are  sufficient  to  cause  seizure  of  the  slider.  Therefore, 
the  face  mounted  valve  must  be  mounted  onto  a  manifold  having  a  relatively 
flat  face.  In  the  development  of  the  cartridge -type  foxir  way  valve 
the  radial,  wedge  seals  introduced  sufficient  body  distortion  to  create 
a  sticking  slider.  It  was  concluded  that  the  concept  of  a  lovr  leakage 
valve  (i.e.  4Gc/min)  is  not  compatible  vrith  the  tolerances  vrhich  are 
reasonable  for  the  wedge  seals.  The  clearance  between  slider  and  valve 
body  was  ultimately  increased  until  sticking  of  the  slider  no  longer 
occurred.  The  internal  leakage  rate  allowed  was  then  increased  pro¬ 
portionally.  Measurements  of  one  valve  body  showed  that  the  wedge  seals 
were  forcing  the  body  to  go  out  of  round  by  only  O.OOOO9  inch,  yet  this 
was  sufficient  to  cause  seizure  of  the  spool  before  the  clearance  was 
increased. 

Wear  of  lap  assemblies  -  Certain  combinations  of  materials  and 
surface  treatments  have  been  found  to  be  successful  in  the  slider  and 
body  making  up  a  lap  assembly.  Some  of  the  combinations  which  have 
demonstrated  good  wear  resistance  in  qualification  tests  are  listed 


below . 
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Body  Material 

riatlng 

Glider  Material 

Gurface  Treatment 

l7-4ril 

None 

17-'4iti 

Nitrided 

17-4PII 

None 

17-4rH 

TixDgston  carbide 

4l6 

None 

44oc 

Chroiric 

hkoc 

None 

4llOC 

Ciiromc 

44oc 

None 

44oc 

Tufftride 

44oc 

None 

44oc 

None 

Gome  attempts  were 

made  to  use 

an  unplated  stainless  s 

teel  against  a 

stainlesQ  steel  vhich  was  neither  plated  nor  case  hardened,  and  in 
several  cases  this  was  successfiil;  however,  this  is  not  recotnraended  for 
lap  assemblies  which  ore  to  operate  in  a  fluid  having  relatively  poor 
lubricity.  Experience  with  bare  lap  assemblies  varied  from  failures  as 
disasterous  as  galled  parts  to  only  a  more  pronounced  tendency  toward 
hydraulic  lode  of  the  mating  parts.  Gide  loads,  created  by  imperfect 
parts,  flow  forces,  or  the  presence  of  contaminant,  will  promote  failures 
of  these  types.  Unplated  asseniblied  have  been  very  satisfactory  for 
the  type  of  valves  wherein  the  clearance  is  0.001  to  0,002  inch. 

Dimensional  stabilization  -  Tliree  valves  are  known  to  have  malfunc¬ 
tioned  because  of  dimensional  changes  in  the  finished  parts,  and  it  is 
suspected  that  this  was  the  cause  of  other  failures.  An  adequate  stabili¬ 
zation  procedure  should  be  contained  in  each  valve  manufacturer's  heat 
treatment  specification,  inasmuch  as  the  provisions  of  specification 
MIL-H-6875  ai'e  not  sufficient  for  a  lap  assembly.  Each  of  the  valves 
in  which  this  problem  was  evident  had  one  or  both  parts  making  up  the 
lap  assembly  made  from  440C.  The  Metals  Handbook,  in  discussing 
martensitic  stainless  steels,  says  "The  higher-carbon  martensitic  grades 
such  as  440C  are  likely  to  retain  loi'ge  amounts  of  untransformed  austenite 
in  the  as  quenched  structure,  frequently  as  much  as  30^  by  volume,  Stress 
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relieving  at  300®F  hao  little  effect,  since  higher  temperatures 
are  required  to  achieve  transformation.  Delayed  transformation  may 
occxir  as  a  result  of  temperature  fluxuations  in  service,  thus  re¬ 
sulting  in  embrittlement  and  serious  dimensional  changes.  A  portion 
of  this  retained  austenite  may  be  transformed  by  subzero  cooling  to 
about  -lOO^F  Immediately  after  quenching.  If  some  decrease  in  hardness 
can  be  tolerated,  the  steel  should  be  stress  relieved  at  a  higher-than- 
normal  temperatiire,  preferably  near  'JOO'^F.  Two  complete  cycles  of  stress 
relieving  are  advisable,  regardless  of  the  temperature  used.  In  com¬ 
bination  with  the  higher  stress -relieving  temperature,  the  subzero  treat¬ 
ment  is  less  useful,  although  both  treatments  arri  recommended  for 
maximum  stability.  In  general,  the  high-carbon  grades  should  be  tempered 

at  a  temperature  at  least  as  high  as  that  to  which  they  will  be  sub- 
"  5 

Jected  in  service.  This  situation  is  discussed  further  in  Part  iv 
of  this  report.  It  should  be  noted  that  a  number  of  the  valve  manufacturers 
participating  in  the  program  subject  their  i^arts  to  three  cougplete 
stabilization  cycles.  The  recommended  manufacturing  sequence  for  unplated 
parts  made  of  440C  is:  (l)  Machine  parts  to  within  about  0.002  inch  of 
finish  dimension;  (2)  Heat  treat  (harden,  quench,  three  heat  cycles  from 
cold  stabilization  temperature  to  tempering  temperature);  (3)  Finish  grind; 
(4)  Bake  4  hours  and;  (5)  Finish  lap. 


5  American  Society  for  Metals,  Metals  Handbook,  ed.  Taylor  lyraan 
(8th  ed;  Novelty,  Ohio;  American  Society  for  Metals,  i960),  Vol  I,  p  4l9 
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Di-electric  broolcdown  -  The  inanufactiu’c  of  acceptable  solenoids 
has  been  a  sizeable  problem  for  two  of  the  five  firms  holding  contracts 
for  solenoid  operated  selector  valves.  Tlaese  solenoids  are  required 
to  operate  in  an  ambient  tetr^jerature  of  650°F.  Each  of  the  five  companies 
selected  Ceraraiten^)  wire  after  a  survey  of  the  available  vires  for  this 
environment.  Tae  Ceramiteinp  vire  (made  by  Hi-Terap  Wires,  Inc.)  will 
withstand  continuous  operation  at  650°Fj  however,  the  ceramic-type 
insulation  is  brittle  and  tends  to  flake  off  if  caxe  is  not  exercised 
in  the  winding  and  subsequent  handling  of  the  solenoid.  Some  of  the 
solenoids  are  terminated  with  the  Ceramitenp  wire  brazed  directly  to  the 
connector  while  others  utilize  a  lead  vire  to  Join  the  solenoid  and 
connector.  One  type  of  lead  \f±Te  is  teflon  Insulated  with  a  silicon  - 
fiberglass  cover  over  the  teflon.  Di-electric  breakdown  has  occurred 
on  numerous  solenoids  used  by  t>fo  of  the  five  firms  while  the  others 
have  had  little  or  no  trouble  of  this  nature.  One  of  the  raanxifacturers 
experiencing  repeated  di-electric  failures  has  attributed  the  failures 
to  carelessness  in  handling  the  solenoids. 

Effect  of  tenperature  on  pressure  setting  -  Operation  of  certain 
components  over  a  wide  temperature  range  will  cause  a  slight  change  in 
their  operating  characteristics.  Spring-loaded  valves  such  as  relief 
valves  will  display  a  slightly  lower  cracking  pressure  at  450°F  than 
at  95°Ft  The  coefficient  of  elasticity  of  Inconel  X  and  I7-7  PH 
stainless  steel  from  which  the  springs  are  made  decreases  as.  the  ten^- 
erature  is  increased  over  this  range.  In  the  pressure  switch  a  bourdon 
tube  displays  the  same  characteristic.  The  pressure  at  which  the  electrical 
contacts  open  is  approximately  50  pel  lower  at  450°F  than  at  95°F. 
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If  the  gyetem  deniando  that  a  valve  open  at  a  conotant  pressure  over  a 
wide  temperature  range,  some  sort  of  a  con^pensafcor  may  be  included  in 
the  valve.  This  usmlly  consists  of  an  aluminum  part  or  other  material 
which  has  a  higher  coefficient  of  thermal  expansion  than  the  adjacent 
steel  parts  and  which  is  incoi’poi’ated  in  ouch  a  way  that  the  spring 
is  con^ressed  further  at  high  tenqperature.  Usmlly  the  system  does  not 
require  that  tte  valve  open  within  so  narrow  a  limit  as  to  warrai  t 
con^jensators. 

Valve  instability  -  Instobility  has  been  a  problem  to  a  varying 
degree  in  the  development  .of  thermal  relief  valves,  pressure  relief 
valves,  and  priority  valves.  The  rated  flow  to  be  handled  by  the  thermal 
relief  valve  has  been  increased  to  0.1  GPM  as  co[i5)ai’ed  with  15  cc/min 
required  of  the  valves  qualified  under  specification  MIL-V-5527A.  This 
increased  tlo\r  requirement  created  instability  problems  which  had  not 
existed  in  earlier  designs.  Some  experimental  work  was  ne-essary  in 
order  to  determine  the  amount  of  damping  required  to  overcome  the 
problem.  It  is  interesting  to  note  that  only  one  manufacturer,  of  the 
many  submitting  propo.oals  for  the  thermal  relief  valve,  foresav/  an 
instability  problem  and  included  a  5pring~iiiaG3-dniig)er  analysis  as  part 
of  the  preliminary  design.  This  manufacturer  was  not  awarded  a  devel¬ 
opment  contract  because  of  objections  in  the  design  of  the  pressure 
setting  adjustment.  The  background  for  such  an  analysis  may  be  found 
in  any  elementrary  text  on  mechanical  vibrations.  Such  an  analysis 
couJ-d  be  applied  to  any  direct  operating  relief  valve  so  that  the 
valve  viscous  damper  is  designed  to  xjrovidc;  a  damping  factor  ratio 
C/Cg  between  0.5  and  1.0,  where 

Cjj,  critical  damping  factor, 
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m,  mass  of  poppet  and  damping  piston 
k,  spring  rate  of  spring 

The  pressure  relief  valves  were  of  two  types;  (l)  direct  operat¬ 
ing  and>  (2)  pilot  operated.  These  two  valve  types  are  schematically 
represented  in  Figure  2.  Stability  was  achieved  in  the  direct  operated 
valve  throx;igh  the  use  of  a  damping  piston.  The  clearance  between  the 
dan^jing  piston  and  the  damping  chamber  was  initially  made  as  small  as 
practical  to  produce  a  valve  which  was  stable  but  sluggish.  The  clear¬ 
ance  was  then  increased  in  small  increments  until  a  satisfactory  compro¬ 
mise  between  response  and  stability  was  obtained.  The  pilot  operated 
valve  presented  another  set  of  problems.  The  pilot  stage  by  itself 
functions  just  like  a  direct  operating  relief  valve  and  is  subject  to 
instability  if  too  high  a  flow  rate  la  passed  through  the  pilot  stage. 
This  can  be  overcome  by  restricting  the  amount  of  flow  to  the  pilot 
stage.  However,  the  location  of  the  restriction  within  the  main  stage 
Slider  was  found  to  be  very  critical.  If  located  in  a  region  of 
turbulent  flow  the  valve  will  remain  unstable.  Therefore,  the  main 
slider  was  modified  so  that  a  projection  containing  the  orifice 
extends  into  the  less  turbulent  flow  stream. 

Two  of  the  tliree  priority  valves  tended  to  be  unstable.  One 
unit  was  very  similar  to  the  pilot  operated  relief  valve  discussed 
above.  It  was  made  stable  by  the  addition  of  a  flow  limiter  to  the 
pilot  stage. 
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FIGUl^E  2 

GCIfEMATIC  REPRESENTATION  OF  TWO 
TYPES  OF  PRESSURE  REI.IRF 
VAI.V15S 
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Flow  For  CO  a  -  Axial  forces  on  a  valve  bi>oo1  ore  often  created 
by  the  fluid  flowing  tlirougli  the  valve.  This  force  can  be  calculated 
from  the  change  in  raoraentum  of  the  fluid  between  inlet  and  outlet 


of  the  valve  by  the  equation  F  =  Q|»(V2  -  Vl) 


[u 


Direction 
of 

Flow  Force 


In  this  equation  Q  and  p  are  scalar  quantities  while  F  and  (V2  -  ’^j) 
ore  vector  quantities.  From  the  equation  it  can  be  seen  that  the 
flow  force  will  increase  as  the  flow  rate  increases.  Accordingly  the 
25  GPM  valves  experienced  higher  flow  forces  than  the  4  or  12  GPM 
valves.  This  must  be  considered  in  the  design  of  consonants  such 
as  pressure  operated  ahut~off  valves  which  must  open  and  close  within 
a  narrow  actuation  pressiire  range,  for  flow  forces  may  act  so  as  to 
place  the  full  open  and  closing  pressui'es  outside  the  allowed  pressure 
range.  A  very  thorough  analysis  of  axial  flow  forces  along  valve 
spools  and  experimental  work  to  support  the  analysis  has  been  presented 
by  Dr,  Lee  and  Dr,  Blackburn  of  Massachusetts  Institute  of  Technology.  ° 
Flow  forces  can  be  minimized  by  several  methods.  The  velocity  of  fluid 
flow  can  be  reduced  by  providing  larger  flow  area  with  resulting 
decrease  in  the  flow  force.  Since  V2  -  in  the  above  equation 
represents  a  vector  subtraction,  the  magnitude  may  be  reduced  by 
clianging  the  angles  at  which  the  fluid  enters  and  leaves  the  slider 
groove,  Tlien  in  the  case  of  four  way  valves  two  oppositely  directly 
forces  may  be  made  to  cancel  each  othei’. 


‘^G.Y.  Lee  and  J,  F.  Blackbui-n.  "Axial  Forces  on  Control  -  Valve 
Ilstons,"  I'letcor  Report  No,  6^,  (liassachusettB;  M.  I.T.,  1950) 
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Thormul  shock  -  Tests  on  two  of  the  four  way,  three  position 
selector  vaDves  (one  cartridge  and  one  face  mounted)  have  shown  that 
it  is  possible  to  cause  a  malfunction  of  the  valve  by  subjecting  it 
to  a  thermal  shock.  A  rapid  ^/arm  up  test  is  included  in  the  qualification 
and  the  units  will  perform  satisfactorily  in  this  test.  However,  if 
fluid  which  is  100“F  hotter  than  the  valve  is  suddenly  introduced, the 
valve  spool  will  expand  more  rapidly  than  the  valve  body,  and  seizure 
will  take  place  within  a  fev;  cycles  as  alternate  solenoids  are  energized. 
The  valve  will  function  normally  at  the  higher  temperature  when  the 
temperature  stabilizes  throughout  the  valve.  An  assembly  with  increased 
clearance  was  found  to  behave  similarly.  It  was  concluded  that  this 
type  malfunction  can  not  be  eliminated  by  increased  clearance  and  still 
maintain  a  reasonable  leakage  rate.  The  situation  described  is  not 
peculiar  to  these  particular  valves.  It  should  be  typical  of  many 
sleeveless  valves  or  of  valves  In  which  the  sleeve  is  shrink  fitted 
into  the  valve  body.  It  is  mentioned  here  only  because  the  situation  is 
one  which  the  system  designer  should  be  aware  of. 

Orifice  protection  -  Erratic  performance  of  the  25  GPM  relief  valve 
was  obtained  during  development  testing.  This  was  first  thouf^t  to  be 
the  result  of  entrapped  air  being  released  from  the  fluid  as  it  passed 
throught  the  O.OI5  inch  diameter  orifice  to  the  pilot  stage.  Air  was 
accinnulated  botv/een  the  slave  poppet  and  pilot  poppet  which  was 
difficult  to  bleed  from  the  valve.  Once  this  occurred,  a  very  low  in¬ 
let  pressure  was  sufficient  to  move  the  slave  poppet  against  the  cushion 
of  air  so  that  rated  flow  was  passed  from  inlet  to  outlet  ports.  How- 
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ever,  further  investigation  showed  that  this  erratic  perfonnance  was 
caus4d  by  partial  clogging  of  the  screen  which  protects  the  orifice. 

When  the  screen  was  thoroughly  cleaned  the  valve  functioned  properly 
regardless  of  the  quantity  of  air  trapped.  The  filter  screen  used  was 
an  absolute  20  micron  rating  which  is  a  higher  degree  of  filtration  than 
required  in  this  application.  Specification  MIL-H-5^40  requires  that 
all  orifice  holes  smaller  them  O.070  inch  diameter  in  flow  regulators 
and  restrictors  be  protected  by  a  filter  element  having  a  screened  open¬ 
ing  of  0.008  inch  to  0.012  inch.  Most  valve  manufacturers,  being  aware  of 
this  requirement,  utilize  a  filter  screen  to  protect  the  orifice  in  valves 
other  than  restrictors  and  flow  regulators;  however,  they  sometimes  use 
a  screen  which  does  not  conform  to  the  above  dimensions.  The  require¬ 
ment  for  a  screen  with  a  O.OO8  inch  minimum  opening  should  apply  to 
such  pilot  operated  valves  as  relief  valves,  priority  valves,  and 
solenoid  operated  selector  valves.  Too  high  a  degree  of  filtration 
will  encourage  clogging  and  thereby  defeat  the  purpose  of  the  filter. 

Filter  assembly  differential  pressure  indicators  -  The  Indicator 
in  a  filter  assembly  is  used  to  sense  the  differential  pressure  between 
the  upstream  and  downstream  sides  of  the  filter  element.  The  indicator 
design  is  usxially  based  upon  pressiue  acting  upon  a  piston  until  the 
force  becomes  great  enough  to  overcome  the  preload  in  a  spring  -  at  which 
time  a  red  indicator  button  "pops  out."  Most  indicator  designs  for 
low  temperature  applications  utilize  elastomers  as  dynamic  seaa,c>  on 
the  sensing  piston.  Qualification  of  a  high  temperature  indicator 
utilizing  reed  seals  as  a  dynamic  seal  vms  attempted  on  the  4  GIM  filter. 
While  this  provided  no  initial  leakage  and  a  low  leakage  rate  after 
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pnduranco  cycling^  the  design  could  not  be  considered  satisfactory  be¬ 
cause  of  external  leakage.  The  indicators  which  were  ultimately  qualified 
in  the  4,  12,  and  25  GIM  filters  were  magnetic  types  in  which  both  the 
indicator  button  and  the  actuating  piston  are  permanent  magnets  separated 
by  a  thin  steel  wall.  No  external  dynamic  seals  are  required.  An 
Internal  dynamic  seal  is  still  needed  on  the  sensing  piston. 

Filter  washout  -  Much  effort  was  spent  in  developing  filter  con¬ 
figurations  for  use  within  the  restrictor  valves.  All  orifices  smaller 
than  0.07  inch  in  diameter  must  be  filtered,  and  these  filters  repeatedly 
failed  during  the  erosion  test  in  which  flow  sufficient  to  maintain  a 

I 

5,000  pai  differential  pressure  is  passed  through  the  orifice.  Several 
different  types  of  wire  cloth  were  used.  An  acceptable  valve  was  finally 
created  by  Including  baffle  pates  to  disburse  the  flow  and  reduce  the 
velocity  through  each  filter. 
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CONCLUSIONS 

Figures  3  through  9  show  photographs  of  the  completed  modular 
valves,  the  switch,  and  filter  assemblies.  Three  units  of  each  type 
shown  have  been  produced  for  delivery  to  the  Commanding  Officer, 

U.  S.  Naval  Air  Material  Center,  Naval  Base,  Philadelphia  12, 
Pennsylvania,  In  partial  fulfillment  of  the  requirements  of  Contract 
NOas  59-6019-c.  One  of  the  three  units  has  been  subjected  to  the 
qualification  tests  specified  in  the  applicable  specification  (see 
appendix) .  The  other  two  units  have  been  acceptance  tested,  and 
some  have  been  subjected  to  random  tests  from  qualification  or  to 
teats  within  packages.  Table  k  shows  the  acceptance  test  effort  for 
each  of  the  units.  The  following  documentation  necessary  to  the 
establishment  of  a  Qualified  Products  List  has  been  forwarded  to  the 
Bureau  of  Naval  Weapons,  Navy  Department,  Washington  25,  D.C.: 

2  copies  of  each  suggested  MIL  specification 

2  copies  of  list  of  materials 

1  reproducible  drawing  of  component 

2  copies  of  component  drawing 

2  copies  of  qualification  test  report 

2  copies  of  each  suggested  MS  standard  page 
Each  of  the  manufacturers  listed  in  Table  5  is  considered  to  be 
eligible  for  inclviaion  in  a  Qualified  Products  List  for  Type  III  aircraft 
hydraulic  componente .  In  addition  to  these  components  the  following 
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TABLE  4 

EVALUATION  TESTS 


Component 

Times 

Test 

Conducted 

TltBes 

Returned 

TO  Vendor 

Final 

Confipiaratlon 

Acceptable 

No.  Of 

Parts 

Tested 

1.  RestrlctoTi  2  Vay^  Class  B 

1 

Xes 

1 

2.  "  1  Way,  •'  A 

1 

Yes 

1 

3.  Check  Valve,  Class  A 

1 

Yes 

1 

4.  "  •'  "1 

1 

Yes 

1 

5.  ”  "  "  C 

3 

1 

Yes 

3 

6.  Shuttle  Valve,  Class  A 

1 

1 

Yes 

1 

7.  "  "  "  B 

1 

Yes 

1 

8.  "  "  "  C 

2 

2 

Yes 

1 

9*  Pressure  Svltch 

1 

Yes 

1 

10.  Thermal  Relief  Valve, Class  A 

2 

Yes 

1 

11.  "  "  "  "  B 

2 

1 

Yes 

1 

12.  "  "  "  "  C 

1 

Yes 

1 

13.  Priority  Valve,  Class  A 

1 

1 

No 

1 

14.  "  ••  •'  B 

2 

1 

Yes 

2 

15.  "  "  "  c 

2 

2 

Yes 

2 

16.  Pressure  Relief  Valve, Class  A 

1 

Yes 

1 

17.  ”  ....  ••  c 

3 

2 

Yes 

3 

Id.  Pres.  Oper.  Shut-Off  V,  Class  A 

3 

2 

Vo 

3 

19.  "  **  •'  B 

3 

1 

Ho 

1 

20 .  "  “  "  ”  C 

0 

0 

- 

0 

21.  Select .Val.  4W-3P,  Class  A 

1 

1 

No 

1 

22,  »*  •'  "  •'  C 

1 

Yes 

1 

23.  Filter,  Class  A 

2 

1 

Yes 

1 

24.  "  "  B 

2 

Yes 

1 

25.  "  "  c 

1 

Yes 

1 

26.  Sol.  Oper.  6eq.  Valve,  Class  B 

2y  «  ti  ft  ^  C 

1 

Yes 

1 

28.  3W-2P,  Control  Val,  Claas  A 

2 

1 

Yes 

1 

29.  «  .1  M  n  Q 

30,  '*  "  ”  "  C 

1 

Yes 

1 

31.  Sol.  Oper.  Shut-Off  V,  Class  C 

32,  "  "  "  "  c 

1 

Yes 

1 

33.  4W-3P,  Control  Valve,  Class  B 

1 

Yes 

1 
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TABLE  5 

RECOMMENDATIONS  FOR  QUAUFIED  PRODUCTS  LEST 


Manufacturer 

Component 

Crescent  Sargent  Corporation 

Check  Valve  -  4  GPM 

Gar  Precision  Parts,  Ino . 

Check  Valve  -  12  GPM 

Republic  Manufacturing  Company 

Check  Valve  -  25  GBl 

Ronson  Hydraulic  Units  Corporation 

One  Way  Restrictor 

Ronson  Rydraullc  Units  Corporation 

Two  Way  Restrictor 

Bendlx “Pacific  Division  ■ 

Thermal  Relief  Valve 
(2100  to  3100  psi) 

Fluid  Regulators  Corporation 

Thermal  Relief  Valve 
(3100  to  4100  psi) 

Altair,  Inc. 

Thermal  Relief  Valve 
(4100  to  5100  psi) 

Consolidated  Controls  Corporation 

Shuttle  Valve  -  4  GPM 

Ronson  Hydraulic  Units 

Shuttle  Valve  -  12  GPM 

Langley  Corporation 

Shuttle  Valve  -  25  GBI 

Rochester  Manufacturing  Compare 

Pressure  Switch 

Sargent  Engineering  Corporation 

Priority  Valve  -  25  GPM 

M.  C.  Manufacturing  Company 

Relief  Valve  -  4  GEM 

Bendix  -  Pacific  Division 

2  Way,  2  Position  Selector 

Valve  -  25  GPM 

Ronson  I^/draulic  Units  Corporation 

Solenoid  Operated  Sequence  Valve 
-  25  GPM 

Bendix  -  Pacific  Division 

4  Way,  3  Position  Selector  Valve 
-  25  GEM 

Bendix  -  Filter  Division 

Filter  -  4  GPM 

Aircraft  Porous  Media 

Filter  -  12  GPM 

Aircraft  Porous  Media 


Filter  -  25  GPM 
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units  have  completed  qualification  testa  with  some  deficiency  which 
does  not  meet  the  requirements  of  the  applicable  specification: 

1.  Three  way,  two  position  selector  valve  -  (25  GH4)  - 
Whittaker  Controls 

2.  Three  way,  two  position  selector  valve  -  (4  GFM)  - 
Sargent  Engineering 

3.  Pour  way,  three  position  selector  valve  -  (4  GPM)  - 
Whittaker  Controls 

Items  (l)  and  (2)  above  leaked  excessively  and  experienced  dielectric 
fallvire  of  the  solenoid  during  the  vibration  test.  The  schedule  for 
completion  of  Project  HSydratoy  does  not  allow  time  for  fabrication 
of  new  valves  and  qualification  of  those  lonits.  Production  valves 
could  have  these  deficiencies  corrected  by  closer  control  of  the 
clearance  in  lap  assemblies  and  by  use  of  a  solenoid  wire  which  is 
leas  subject  to  failure  than  the  ceramic  insulated  wire  which  was 
used  on  the  prototype  valves.  In  order  that  the  three  way  valve 
specification  be  satisfied,  the  following  qualification  tests  should 
be  performed  on  a  production  valve  in  the  order  listed:  (a)  Leakage 
(paragraph  4.6.3),  (b)  Vibration  (paragraph  4.6.12),  and  (c)  Solenoid 
Current  Drain  (paragraph  4,6.7).  Item  (3)  above  also  experienced 
dielectric  failure  in  the  solenoid.  It  requires  additional  testing 
of  a  redesigned  solenoid  to  render  it  suitable  for  a  qualified  products 
list.  Development  problems  discussed  in  Section  III  have  delayed 
conrpletlon  of  the  qualification  tests  on  several  valves.  The  fol¬ 
lowing  units  are  still  undergoing  tests  and  will  be  eligible  for 


inclusion  in  the  Qualified  Products  List  if  test  results  are  satisfactory; 
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U5 

1.  Relief  Valve  -  25  GBl  -  Benbow  Manufacturing  Co. 

2.  2  Way,  2  Position  Selector  Valve  -  25  GIM  -  HSydroAire 

3.  3  Way,  2  Position  Selector  Valve  -  25  0PM  ~  HydroMre 

U.  Solenoid  Operated  Sequence  Valve  -  12  GIM  -  l^ydroAire 

5.  4  Way,  3  Position  Selector  Valve  -  12  GFM  -  Ronson  Ifydraulic 

Units  Corp. 

6.  Priority  Valve  -  4  OFW  -  Fluid  Regulators  Corporation 

Exi)erience  In  testing  IJype  III  components  has  led  to  the  conclusion 
that  100^  of  the  units  received  from  the  maniifacturer  must  be  subjected 
to  acceptance  testa.  Many  of  the  xuiita  received  have  not  functioned 
properly  even  though  they  were  fabricated  in  a  model  shop  and  should  be 
expected  to  be  of  high  quality.  The  high  rejection  rate  may  be  attri¬ 
buted  to  the  fact  that  the  vinits  are  model  shop  parts  and  that  standard 
check  out  procedtires  have  not  been  established  at  the  source  of  manu¬ 
facture.  Sampling  procedure  should  not  be  inaugurated  until  a  sufficient 
history  of  a  design  and  the  manufacturer  of  the  component  is  accumulated 
to  warrant  testing  by  samples.  While  most  of  the  solenoid  operated 
selector  valves  were  qualified  with  solenoids  wound  from  a  ceramic  coated 
wire,  this  wire  cannot  be  considered  desirable  for  production  valves . 

It  oan  be  made  to  work  satisfactorily  but  only  with  an  unreasonable 
degree  of  pare  in  the  winding  of  the  coil.  At  the  time  the  valves  were 
designed  a  survey  revealed  that  the  ceramic  coated  wire  was  the  only 
available  wire  which  would  withstand  continuous  operation  at  650*P. 

Late  in  the  program  two  manufacturers  turned  to  an  alternate  wire  known 
as  Annaconda  ML.  This  wire  has  a  Dupon  Herox  film  for*  insulation  and 


U6 


anO  the  film  adheres  to  the  wire  nnich  bettor  than  the  ceramic .  CVC 
has  not  evaluated  the  wire  sufficiently  to  say  that  it  is  without  short¬ 
comings,  but  certainly  this  or  some  other  newly  developed  wire  is  needed 
to  bring  the  reliability  of  the  solenoids  up  to  an  acceptable  level. 
Anodized  aluminum  wire  may  be  used  to  approximately  750*Fj  however, 
the  resistance  is  appreciably  higher  than  copper.  This  sometimes 
requires  that  the  solenoid  be  made  larger  in  order  to  produce  the  same 
flux  density  as  a  copper  wire  wound  coil.  On  the  other  hand  the  cross 
section  of  a  ceramic  insulated  copper  wire  is  composed  largely  of  ceramic 
while  the  anodized  aluminum  wire  has  a  relatively  thin  coating  of 
alumlniun  oxide.  For  the  same  size  cross  section  the  anodized  aluminum 
wire  provides  a  larger  diameter  conductor  which  partially  compensates 
for  the  increased  resistance.  None  of  the  units  tested  in  this  program 
utilized  anodized  aluminum  wire. 

The  components  have  been  designed  to  provide  the  minimum  weight  and 
size  which  is  consistent  with  the  pressure  drop  requirements  established 
for  the  units.  Potential  savings  in  space,  weight,  system  conq)lexity, 
maintenance,  and  fleet  logistics  may  be  realized  through  the  use  of  the 
modular  components .  A  detailed  comparison  of  the  packaged  system  with 
a  conventional  system  may  be  found  in  Part  III  of  this  report. 

The  components  developed  under  this  contract  were  selected  because 
of  their  frequent  use  in  aircraft  hydraulic  systems.  Certainly  there  are 
other  components  which  the  system  designer  would  desire  to  achieve  the 
moat  benefits  from  the  package  concept.  Cartridge  type  servo  valves 
have  recently  found  widespread  use  in  II  missile  systems.  Develop- 


47 


in^nit  or  n  T^jrpe  III  Servo  valve  in  cartridge  configuration  would  be  a 
useful  supplement  to  the  group  of  valves  a3,ready  developed.  A  flow 
regulator  is  another  component  which  is  widely  used  in  packaged  I^ype 
II  systems  and  should  be  developed  for  the  Type  III  system.  Then  there 
are  a  number  of  pneumatic  valves  which  should  be  deve3.oped  and  standard¬ 
ized  in  cartridge  configurations  for  Type  III  systems. 


APPENDIX  I 

Suggested  MEL  Specification  for  Check  Valve 
Suggested  Standard  for  Check  Valve 
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MILITARY  SPECIFICATIOH 
VAJ.Vii;,  AmCRAiTT  IIYDMULIC  CHECK 


1.  SCOPE 

1.1  Scopa.  Tills  specif  icu'bion  covers  cartridge -type  modular  hydraulic  check 
valves,  for  use  in  Tj'pe  HI  aircraft  hydraulic  systems  conforming  to  Specification 
MIL-Il-8891. 

1.2  Classification.  Cheek  valves  sliall  be  of  the  following  daoses. 

Class  1  -  0  to  4  gallons  per  minute  capacity 

Class  2  -  0  to  12  gallons  per  minute  capacity 
Class  3  “  0  to  25  gallons  per  minute  capacity 

2.  APPLICABLE  DOCUl-D'IKTS 

2.1  The  follov/in,'j  documents  of  the  issue  in  effect  on  date  of  Invitation  for 
bids,  fofm  a  part  of  this  specification: 

Specifications 

Federal 

PP-T-60  Tape,  Pressure  Sensitive  Adhesive,  V/aterproof 


1-Iilitary 

I4IL-B-121  Barrier  lyhterial,  Gi’easeproofed,  Flexible,  Waterproofed 

MIL-I-6866’  Inspection,  Penetrant  Method  of 

MIL-I-6868  Inspection  Process,  Magnetic  Particle 

MlL-H-6875  Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 

MIL-S-7742  Screv  Threads,  Standard,  Aeronautical 

I'lIL-M-7911  MarlcLng,  Identification  of  Aeronautical  Equipment,  Assemblies  and  Part 
MIL-n-8446  Hydraulic  Fluid,  Honpetroleura  Base,  Aircraft 

MIL-H-8891  Hydraulic  Systems,  Type  III,  Design  Instillation,  Tests  and  Data 
Requirements,  Aircraft,  General  Specification  for 
MIL-D-70327  Drawings,  Engineering  and  Associated  Lists 

Standards 

MIL~STD-10  Surface  Kouglmess,  Waviness  and  lay 
UIL-STD-129  I'kirking  for  Shipment  and  Storage 
ICL-STD-143  Specif •>' cations  and  Standards,  Use  of 
kis-33540  Safety  Wiring  -  General  Practices  for 
MS-20995  Wire  -  Lock 


Gheclc  Vn.lvo 
Page  2  of  19 

Pravrlng  o 

MS  CliocU  Vaiw.-  Kiodu.Uu’  Envelope  for 

2.2  Other  publications . -  VJhore  it  bocomer.  neccDsary  to  use  publications  other 
than  those  listed  in  2.1,  they  shall  be  selected  in  the  order  of  prccodoncc  sot 
forth  in  MIL-STD-I43.  Wiere  contractor  material  and  process  specifications  arc 
permitted  under  MIL-STD-143,  they  shall  contain  provisions  for  adequate  tests  and 
Inspection. 

3.  REQUIREMENTS 

3.1  Qualification.-  The  check  valve  furnished  under  this  specification  shall 
bo  a  product  whihh  has  been  tested  and  passed  the  qualification  tests  specified 
heroin  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicable  qualified 
products  list. 

3.2  Materials  and  processes.-  Materials  and  processes  used  in  tho  manufacture 
of  tlicse  valves  shall  conform  to  the  follov/ing  requirements  and  to  applicable 
specifications  as  defined  in  Section  2, 

3.2.1  Metals.-  Metals  shall  be  of  a  corrosion  resisting  type  or  shall  be 
adequately  protected  to  resist  corrosion  during  tlio  normal  service  life  of  the 
valve.  Copper,  aluminum  and  magnesium  alloys  sliall  be  used  only  with  the  approval 
of  the  procuring  activity. 

3.2.2  Sub-zero  stabilization  of  steel.-  Close-fitting,  sliding  steel  parts 
shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6875  to  reduce 
wui’page  tendencies. 

3.2.3  Plastic  parts.  Plastic  parts  shall  be  used  only  with  the  approval  of 
the  proexiring  activilyy  for  each  application. 

3.3  Paiiis.-  Standard  parts  selected  in  accordance  with  Section  2  shall  be 
used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  identified  on  the 
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0.r?i,w:I.nff:  by  tlicij.”  part  numbers.  Coimnercial  utility  parbs  such  as  screws,  bolts,  . 
nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable  properties 
and  arc  rei)lacoablo  by  .-ipprovod  stanclard  parts  without  alteration  and  provided 
the  approved  standard  part  is  referenced  in  the  parts  list  and,  if  practicable,  on 
tlie  contractor’s  drawincG. 

3.^  Design  and  construction 

3.4.1  Envelope.-  The  external  configuration,  dimensions,  and  other  details 
of  the  design  shall  conform  to  the  requirements  of  this  specification 

and  applicable  drawings, 

3.4.2  Hydraulic  fluid.-  The  valves  shall  be  designed  for  operation  with  hydrau? ' 
fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range.-  The  valves  shall  be  designed  to  meet  the  functional 
and  operational  requirements  of  this  specification  throughout  a  range  of  -65°F 

to  450°F  fluid  temperature  and  -65°F  to  650°F  ambient  temperature. 

3.4.4  Threads.-  Only  class  3  threads  conforming  to  Specification 

MItTS-7742  shall  be  used. 

3.4.5  Seals.-  Seals  shall  be  of  metallic  construction  and  shall  be  approved 
by  the  procuring  agency. 

3.4.6  Safetylng.-  Tlireaded  parts  shall  be  positively  locked  or  safetied  by 
safety-wiring,  self-locld.ng  nuts,  or  other  approved  methods.  Safety  \;ire  sliall 
be  applied  in  accordance  with  Standard  Drawing  M3-33540  and  MS-20995. 

3.4.7  Retainer  rings,-  E>:ccpt  where  they  arc  positively  retained  from  being 
dislodged  from  their  grooves,  retainer  or  snap  rings  sliall  not  be  used  in 
hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  of  jairauing 


of  the  valve. 


jJl.8  otructni-al  Sti'onf'th.-  Tho  valvor.  .shall  have  sufficient  Gtrenfvl'h  to 
withstand  all  comb Inat Ions  of  loads  result iny  from  hydraulic  prcn.sur(:!,  toniporaturo 
varjatJono,  and  Installation. 

3.4.9  Woicht.-  The  v/cli'iht  shall  be  hept  ho  a  minimum  consistent  with  f.ooO 
c].csif>;n,  .and  sliall  bo  as  spociried  on  the  ajjplicablo  di-avrln(’:. 

3.4.10  Mountin/;;  position.-  The  v.alvcs  shall  satisfy  the  performnee  requirements 
when  mounted  in  any  position. 

3.4.11  Flow  control.-  The  valves  shall  bo  desicnod  to  pass  rated  flow  per  1.2 
from  inlet  port  to  outlet.  F3.ov/  .shall  be  chocV.ed  or  blocked  from  outlet  to  inlet 
ports . 

3.4.12  Surface  rouGhness.-  Surface  roucJxnos.s  finishes' sliall  be  established  and 
sliall  be  specified  on  the  mamifacturer *  s  assembly  drawings  as  outlined  in  MIT.-STD-IO. 

3.5  Interchanceabillty 

3.5*1  Manufacturer’s  Part-o.-  All  parks  Invinc  the  same  manufacturer's  part 
number  shall  be  directly  and  completely  interchanceable  with  each  other  with  respect 
to  installation  and  performance.  Cliancc.s  in  manufacturer's  part  nuWbers  shall  be 
governed  by  the  drawing  number  requirements  of  Specification  MIL-D-70327. 
Subassemblies,  composed  of  selected  mating  components,  must  be  intercliangoable 
as  assembled  units,  and  shall  be  so  indicated  on  the  manufacturer's  drawings. 

The  individual  components  of  such  assembled  units  need  not  be  interchangeable. 

3.5.2  Maintainability.-  Modular  valves  shall  be  self-contained  components 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another  without 
any  detail  disassembly,  readjustment  of  setting,  or  impairment  of  function. 

3.6  Identification,-  Each  valve  shall  have  the  identifying  markings  placed 
on  the  hex  head  or  the  flange  so  that  the  identification  can  be  read  when  the 
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valve  io  Installed  in  a  mndjfold  cavity.  Each  valve  shall  be  permanently  and 

legibly  marked  with  the  following  Inrormation,  per  MIL~M“7911» 

Valve,  ciheci: 

MS  II.', 

* n  part  Ho. 

f  •■'ULiiacturcr’s  Name  or  Trademark 


3.7  Morlonanship 

3.7*1  Quality.-  WorkmansMp  shall  be  of  sufficiently  liigh  quality  to  insure 
satisfactory  operation  and  service  life.  The  manufacturer  shall  excrelso  extreme 
cai’o  in  fabricating,  assembling,,  Imndling, ,  .and  pactoging  valves  to  assure  tliat  the 
components  are  clean  and  free  of  contaminant:..  All  parts  shall  be  free  from  pits, 
rust.  Scrapes,  splits,  chads,  burrs-,  and  sharp  odgos. 

3.7*2  Physical  Defect  Inspectiopi'.--  All  magnetizable  highly  stressed  parts 
slull  be  subjected  to  magnetic  inspection  in  accordance  Vfith  Specification 
MIL-I-6868.  Ci'acks  or  other  Injurious  defects  disclosed  by  the  Inspection  shall 
be  cause  for  rejection.  All  non-iragncui'^.ablG  highly  stressed  parts  sliall  be 
subjected  to  fluorescent  penoti'unt  inspection  in  accordance  with  Specification 
MIL- 1-6366.  Craclts  or  other  injurious  defects  disclosed  by  the  inspection  shall 
be  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  pressui-e,-  The  valves  sliall  be  designed  to  operate  in  a  hy'draulic 
.lystej;  having  a  rated  pressure  of  4,000  psi  when  tested  per  4.6,9* 

3.8.2  Operating  pressure.-  The  valves  shall  be  designed  to  insure  satisfactory 
opertvtion  and  service  life  throughout  the  operating  range  from  0  to  4,000  psi  at 
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rnt'.'d  flovfi  per  1.2,  when  tocted  per  k.6.9.  The  valves  shall  be  capable  of 
opf'T.'itlon  at  6,000  pal, 

3.8.3  Proof  pressure."  When  6,000  psi  is  applied  to  the  valves  per  4.6.2, 
there  shall  be  no  evidence  of  permanent  set,  failure,  external  leakage  or  other 
dn.mago . 

3.8.4  Burst  pi’eosure."  When  10,000  psi  is  applied  to  the  valves  per  4,6.11, 

no  rupture  of  internal  or  oxtornal  parts  shall  be  evident.  The  valves  shall  not  burst 
at  any  pressure  below  10,000  phi. 

3.8.5  Surge  flow."  Wlion  tlie  valves  are  suhjected  to  2,500  cycles  of  surge  flow 
at  4,000  psi  per  4.6.3,  thex'o  shall  be  no  evidence  of  damage  to  springs,  poppets, 
or  any  other  parts  that  would  limit  the  service  life  of  the  valves, 

3.8.6  Leakage."  Vdien  the  pressures  of  Table  I  are  applied  to  the  valves,  there 
shall  be  no  evidpneo  of  external  leakage  and  internal  leakage  shall  not  exceed  the 
values  of  Table  I,  when  to;^tnti  per  4.6.4. 

TABLE  I 

MAXD1UM  ALLOWABLE  DriERNAL  LEAKAGE 


FRESSUBK  liATE 
psi  cc/hr 

S'  8 
1500  6 
3000  4 
4ooo  2 


3.8.7  Pressure  diop.-  The  pressure  drop  of  the  valves  shall  not  exceed  25 
psi  for  rated  flow,  as  specified  per  1.2,  when  tested  per  4.6.5, 

3.8.8  Operation  cliecking  time."  The  valves  checking  time 

shall  not  exceed  I.5  seconds,  when  tested  per  4.6.6. 

3.8.9  Crackirv:  pressure. -  CraclcLng  pressure  shall  be  that  pressure  which  will 
produce  a  flow  of  0.1  oc  (approximately  2  drops)  per  minute  during  increasing 


I 
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prosGuro.  The  valvoo  cracking  pi-eosurc  ehall  not  he  loss  tlian  2  pounds  per 
oquare  inch  nor  greater  than  0  pounds  per  square  inch,  when  tested  per  4. 6. 7* 

3.8.10  Extreme  Temperature,-  The  valves  shall  meet  the  requirements  of  paragraphs 
3.1'!. 6,  3*8*0,and  3»0«9  Q.t  stabilized  teiiperaturcs  of  -65°F  and  450®P,  when  tested 

px-r  4.6.8. 

3.8.11  Endurance.-  VJhen  the  valves  have  been  subjected  to  50,000  cycles  of 
operation  per  4.6.9,  they  oliall  meet  the  internal  Icaloige  requirements  specified 
i)i  paragraph  3*8«6. 

3.8.12  Vibration.-  The  valves  shall  be  capable  of  withstanding  vibrations  from 
5  to  2,000  cps  with  an  amplitude  of  0.04  inch  (0,08  inch  total  excursion),  or  I5 

"g"s  whichever  is  limiting,  along  the  three  mutually  perpendicular  ajces,  when  tested 
per  4.6.10. 

4.  QUALTTY  ASSURANCE  mOVISIONS 

4.1  Inspection  responsibility.-  The  manufacturer  is  responsible  for  the 
performance  of  all  acceptance  tests  prior  to  submission  for  Government  inspection 
and  acceptance.  Unless  otherv;ise  specified,  the  manufacturer  may  utilize  his  ovm 
facilities  or  any  commercial  laboratory  acceptable  to  the  Government.  Inspection 
ro(Jurds  of  the  examinations  and  tests  shall  be  tept  complete  and  available  to  the 
Govui’iviient  as  specified  in  tlic  contxxict  or  order. 

4.2  Classification  of  tests.-  The  inspection  and  testing  of  check  valves  shall 
be  classified  as  follows; 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests 


4.3.1  Sampling  instructions 


CllGCl'. 

Pa.cn  8  o:(.’  !l.9 

4. 3. 1.1  Saitrplcn'  of  choclt  valves  for  qualification  tests  shall  consist  of  one 
ripnclmcn  of  each  c3^,bs  valve  upon  which  qualification  is  desired. 

*1-. 3.1.2  The  spccltnon  shall  be  assembled  of  parts  which  confoi’m  to  manufacturer's 
drawings . 

i^.3•1.3  The  imnufacturcr  shall  provide  calculations  showing  that  adequate 
clearance  of  moving  parts  is  provided  at  -65°F  and  450®F,  using  the  most  adverse 
dimensions.  The  room  temperature  reference  point  shall  be  70°F. 

it-. 3*2  Tests The  qualification  tests  sliall  consist  of  the  following  tests 
wMch  shall  bo  conducted  in  the  order  listed.  All  tests  ore  described  under  k.6  of 
this  specification. 

(a)  Examination  of  product  ]?er  t.6.1. 

(b)  Proof  pressure  per  h.6.2. 

(c)  Surge  flow  per  4.6.3. 

(cl)  Loaloige  per  4.6.4. 

(e)  Pressure  drop  per  4.6.5. 

(f )  Operation  chocking  time  p<iv  4..(j.6. 

(g)  Cracking  pressure  per  4.6.7. 

(h)  Extreme;  tcmpci-ature  performance  per  4.6.8. 

(i)  Endiurance  per  4.6.9. 

(j)  Vibration  per  l'-,6.10. 

(k)  Burst  pressure  per  4,6.11. 

4.4  Acceptance  tests.-  Acceptance  tests  shall  be  performed  on  individual  valves 
or  lots  which  ho,ve  been  submitted  under  contract  to  detciniinc  corfornnnee  of  the 
products  or  lobs  with  requirements  set  forth  in  this  specification  prior  to  acceptance. 
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Knell  chock  valve  Dhall  he  subjected  to  the  following  tests: 

(a)  Jilxc ruination  of  product  Tier  4.6.1. 

(b)  Pi-oof  prcssui-c  por  4.6.2. 

(c)  Lenka, ",0  per  4.0.4. 

4.9  Test  conditions 

*i-.9.1  Test  flurd.-  The  test  fluid,  slmll  coniform  to  Specification  MIL-H-0446. 

4.5.2  Fluid  tempoi'aturo. -  If  the  fluid  tomjicraturo  is  not  othen/iso  sx^ccified 
for  n  given  tost,  it  sliall  be  95l45°F  for  tint  particular  tost.  The  outlet  f3.uid 
temperature  sliall  be  specified,  and  tlv;  inlet  fluid  temperatui'c  slmll  be  mcas.ured 
as  near  ns  practicable  to  the  valve  xiorts.  During  all  soaking  periods,  the  coiipo- 
nent  sliall  be  bled  of  .lir  anO  inert  g.as  o,nd  maintained  full  of  fluid. 

I1.5.3  Contamination.-  Standai'd  fine  air  cleaner  test  dust  or  approved  contaminate 
miirburc  shall  be  .idd.  d  through  the  rc.-.orvoir  of  the  test  set-uii  before  start  of 
qualification  tests.  The  x'cscn’voir  r-hall  incorpox’ate  a  mixer  or  shall  be  externally 
excited  so  as  to  I'ccp  the  cont-'.minant  continuously  agitated  or  mixed  within  the  fluid. 
Test  dust  sliall  be  added  until  one  griU’i  of  dust  iior  thi'cc  gallons  system  fluid  capacit,'/ 
has  been  introduced.  The  tetit  dust  shall  be  axjporti  one.l  s,;;  jt>.l  ; 


-  gizo  of  particle 

Percent  by  weight  of  total 

0  to  5  micron 

39±2 

5  to  10  micron 

18-1-3 

10  to  20  micron 

l6i3 

20  to  40  micron 

18-1-3 

over  4o  mici*on 

9i3 

4.5.4  nitration.-  Tlic  test  fluid  sliall  be  continuously  filtei'cd  through  a 
filter  wliich  has  a  maximum  opening  tliat  does  not  exceed  25  microns.  Tlic  filter  and 
element  used  sliall  be  satisfactoi’y  for  the  temperature  range  encountered,  and  cleaneu 
or  clianged  I'egulai-ly  to  iirevent  clogging. 

4.5.5  Test  housing 
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4. 5. 5*1  Qualifica-bion  teht  housing.-  All  tests  in  4.3.2  shall  he  conducted 
in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the  cavity  and 
which  is  acceptable  to  the  procuring  agency. 

4.5.5«2  Acceptance  test  housing  -  The  tests  in  4.4  may  be  conducted  in  the 
qualification  test  housing  or  in  a  housing  having  any  other  external  conflgviration. 

4.6  Test  methods 

4.6.1  Examination  of  product.-  Each  valve  shall  be  carefully  examined  to 
determine  conforraanoe  with  the  requirements  of  this  specification  for  worlananship, 
marking,  conforinance  to  applicable  drawings,  or  for  any  visible  defects.  Each 
valve  siiall  be  examined  by  probing  the  poppet  in  the  free  flow  direction  to  assure 
that  the  check  valve  spring  has  been  installed.  The  determination  of  surface  finish 
shall  be  made  with  a  profilometor,  comparator  brush  analyzer,  or  equally  suitable 
comparison  equipment  with  an  accuracy  of  *5  micro-inches  at  the  level  being  measured. 

4.6.2  Proof  pressure,-  Pressure  shall  be  applied  to  the  chock  flow  port  at  a 
rate  not  exceeding  25,000  psl  per  minute  until  6,000  psi  is  reached.  This  proof 
pressure  shall  be  held  for  at  least  two  minutes,  and  there  shall  be  no  evidence  of 
exterml  lealaige,  permanent  set  or  other  damage.  The  check  valve  sliall  be  filled 
with  test  fluid  and  stabilized  at  450±15°P  for  qualification  test  only.  For 
acceptance  tests,  proof  pressure  shall  be  conducted  at  95±15°F  for  two  minutes. 

4.6.3  Surge  flow.-  The  set-up  for  this  test  sliall  be  as  shown  in  Figure  1. 

The  air  precharge  pressure  for  the  accumulator  shall  be  1300±50  psi  and  the  h^tlrauljc 
test  pressure  for  each  check  valve  shall  be  4,000  psi.  The  directional  control 
valve  shall  be  operated  in  the  following  sequence  for  2,500  complete  cycles.  Tlio 
following  four  point  sequence  shcxll  constitute  one  cycle; 

(a)  The  directional  control  valve  liandlo  sliall  be  in  a  neutral  position 

to  permit  build-up  of  4,000  psi  in  the  accumulator. 


fJhocJr.  ValvG 
Pago  11  of  l;- 


;  auv 


1 


IITICAL  uWfUP  I'DR  SDR(';iv  FiJM 


Chock  Valve 
Page  2Z  of  19 

(b)  The  directioml  control  valve  handle  shall  be  quiclcly  actuated  to 
permit  flow  through  the  check  valve  in  the  free  flow  direction.  The  control 
valve  liandle  shall  remain  in  this  position  until  the  hydraulic  pressure  drops 
to  a  value  lesr  than  the  air  precharge  in  the  accumulatoi*. 

(c)  The  valve  handle  shall  be  returned  to  the  neutral  position  to  permit 
the  build-up  of  lj-,000  psi  hydraulic  pressure. 

(d)  The  directional  control  valve  shall  bo  quidskly  actuated  to  permit 
flow  to  the  check  valve  in  the  checked  flow  direction.  The  control  valve  liandle 
shall  remain  in  this  position  for  at  least  3  seconds  and  then  returned  to  the 
neutral  position. 

Damage  to  springs,  poppets,  or  any  of  the  other  parts  shall  be  cause  for 
rejection.  Upon  completion  of  this  tost,  the  check  valves  shall  be;. subjected  to 
the  qualification  test  for  leakage  and  the  requirements  thereof  shall  be  satisfied. 
4,6.4  Lealcage.- 

4.6.4. 1  Qualification  test  for  leakage,-  This  test  shall  be  performed  twice; 
once  with  the  valve  held  in  a  horizontal  position  and  once  with  the  valve  held  in  a 
vortical  position  so  that  the  force  of  gravity  acts  opposite  to  the  checking  actiox . 
The  valve  shall  be  tested  for  lealcage  by  applying  pressures  listed  in  Table  I  for  a 
period  of  32  minutes.  The  lGa]«,ige  measurement  period  sliall  begin  two  minutes  after 
application  of  the  required  pressure.  The  fluid  and  valve  temperature  siall  be 
95±15°F  for  this  test.  All  pressures  sliall  be  applied  in  the  direction  of  checked 
flow,  and  the  valve  poppet  sliall  be  unseated  between  pressure  applications.  The 
rate  of  internal  lealcage  sliall  not  exceed  the  amount  given  in  Table  I.  There  shall 
be  no  external  lealaige. 

4. 6. 4. 2  Acceptance  test  for  Icalaige.-  This  test  sliall  be  performed  i^ith 

the  valve  held  in  the  vei’tical  iiosition  so  tliat  the  force  of  giravity  acts  opposite 
to  the  checldlng  action.  Pressures  of  5  Psi  and  li^OOO  psi  shall  each  be  applied 
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in  t.ho  reverse  flow  direction  for  a  period  of  5  minutes.  The  valve  poppet 
nb/iil  he  unseated  between  each  pressure  application.  In  each  case  the  leatage 
nico,surement  period  shall  consist  of  the  last  3  minutes  of  the  5  minute  period. 

Tlio  rate  of  internal  Icalcage  sliall  not  exceed  the  values  specified  in  Table  I. 
There  shall  be  no  external  iealcage  during  this  test.  The  valve  and  fluid  tempera¬ 
ture  shall  bo  95*15°F  for' this  test. 

4.6.5  Pressure  drop.-  Pressure  drop  through  the  valve  shall  be  determined 
at  a  flow  equal  to  the  rated  flow  as  specified  in  1.2.  The  pressure  drop  for 
the  valve  shall  bo  determined  as  the  difference  between  the  pressure  drop  for 
the  valve  installed  in  a  tent  housing  and  the  pressure  drop  of  the  test  housing 
with  an  end  cap  installed  in  place  of  the  valve.  The  pressure  drop  of  the  chock 
valve  shall  not  exceed  25  pei  for  rated  flow  at  a  temperature  of  95+3-5*^F. 

4.6.6  Operation  clieclcing  time.-  The  poppet  shall  be  mechanically  actuated 
to  its  full  open  position  against  a  static  pressure  of  5  pounds  per  square 

inch  maximum.  The  valve  sliall  then  be  allowed  to  check  before  the  fluid  pressure 
falls  below  one  pound  per  square  inch.  The  chocld.ng  time  shall  be  observed  and 
shall  not  exceed  I.5  seconds. 

4.6.7  CracldLng  pressure.-  Gradually  increasing  pressure  shall  be  applied 
to  the  valve  inlet.  Cracld.ng  pressure  shall  be  observed  and  shall  not  be 
less  than  2  pounds  per  square  inch  nor  greater  than  8  pounds  per  square  inch. 
CracldLng  pressure  is  defined  as  that  pressure  which  will  produce  a  flow  of 
O.lcc  (2  drops)  per  minute  upon  increasing  pressure. 

4.6.8  Extreme  temperatxire  performance 

4. 6.8.1  Low  tempei'ature  perfoicraance,-  The  valve  and  fluid  shall  be  soalced 
at  -65°F  for  a  minimum  of  8  hovirs.  After  this  soak  period,  the  valve  poppet 
sliall  be  actuated  mechanically  at  least  two  times.  After  each  actuation  the 
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t.er.tr.  of  4. 6. 4, 2,  4.6.6,  and  4.6.7  ehall  bo  performed  and  oatisfied. 

4. 6. 0.2  High  tcmporatui'o  performance.-  The  temperature  of  the  valve  and 
fluid  chall  bo  stabilized  at  450±15°F.  Tlic  valve  poppet  chall  bo  ac-buatod 
mechanically  at  least  two  tinos.  After  each  actuation  the  tests  of  4. 6,4.2, 

4-. 6. 6,  and  4.6.7  shall  be  performed  and  aatisfiod. 

4.6.9  Endurance.-  The  valve  3ho.il  be  subjected  to  ’^0,000  cycler;  of  operation 
at  a  rate  of  17-20  cycles  per  minute.  Each  cycle  sluill  conrjist  of  passln,';;  rated 
flow  tlirough  the  Valve  in  the  free  flow  direction,  follov/od  by  applico,bio3i  of 
5,000  to  6,000  psi  surge  pressure  in  the  direction  of  chcclaed  flov?.  Thi-s  endurance 
tost  sliall  be  conducted  wlillo  tlie  valve  undergoen  the  time-tertperature  spcctruin 

as  shown  in  Figui'e  2,  Each  spectrum  should  talx  api^roximately  6  l/2  hours  to  complete 
and  should  be  made  up  of  appro;cimatcly  7;l43  cycles.  The  first,  foujd;h,  and  seventh 
spectrum  sliall  begin  at  -65°F  after  tlio  set-up  lias  soaked  at  -65°F  for  at  lco,st  0 
hours.  The  spocti-’ura  sliall  begin  at  95±15°F  on  the  second,  thii'd,  fifth,  and  sixtli 
spectrumo.  A  typical  test  oct-up  for  endurance  cycling  is  indj.catcd  in  Figure  3. 

After  completion  of  endurance  cycling,  th';;  fluid  sliall  be  stabilized  ab  9I3i-lb'^F  and 
tested  for  leal^ige  per  4. 6.^1, 2.  Leakage  sliall  not  e  :eeed  the  value.;  shown  in 
'i’ahlc  I. 

4.6.10  Vibration.-  1/ith  tlie  fluid  tcijpcrature  maintained  at  9ui-ll^°F,  the 
valve  shall  be  cycled  by  altormtely  imposing  rated  flow  in  tlio  free  flo;?  direction 
and  then  applyin^j  4,000  psi  in  the  checked  direction  at  the  rate  of  15j:5  cycles  per 
minute .  IJhlle  the  valve  is  Deiru:  cycled  in  tliis  manner  it  shall  be  vibrated  in  ii 
horizontal  direction  with  the  ;fj.-equency  varyin;;;  bet\?een  5  and  2,000  cycles  per  second 
in  30  minutes.  Th.u  umpritud-e  shall  he  0.04  inches  (0.08  inch  total  ueursion)  or  15  G' 


whichever  Is  limiting.  This  test  slvill  be  repeated,  and  the  fi-’eqii..;j'ic;/  of  any  ana. 


Chocl. 

Pa(  ,n  o.f  Vj 

all  T'orionant  points  (natnrnl  frequencies)  olvxll  tc  noted.  V-nirat'o  the  vo-lvc  .l.'o3: 

90  minutes  at  the  most  severe  resonant  frequency  noted  above  at  O.oO  Jncli  tol/iq 
c^icursion  or  19  G's,  whichever  is  less  severe.  If  no  resonant  iroqueiicy  lin.  iound^  the 
v.-ilv-  shall  be  vibrated  at  900  cps  for  90  mimiteo.  The  above  p.i’oc.odnre  ".li.M.n  Iv- 
repeated  with  the  diirectlon  of  vilrrat-ion  dvin.aed  90^^  horizontnlly  :'.nd  .I'-ni.n  wit.ii 
tlic  direction  of  vidi’atiO)i  clvinr.ca  to  vei~t..if;a.l.  After  coii;pletion  ('/  tno  vilj.T' vtion 
tost  the  valve  sliall  be  tested  per  4.6.)|-.2  and  shall  bo  vrlthin  the  limJts  spec  i  f;i  (-’f . 

4.6.11  Bufst  pressure.-  With  the  free  flow  port  plucced,  in’essure  shn,].]  no 
aijplied  to  the  check  flow  port  at  a  rate  not  to  exceed  25,000  psl  ix-r  minute  until 
10,000  psi  is  re.'iched.  Tliio  isreosure  shall  be  held  for  tv?o  minutes  without  rupbm;c 
of  internal  or  external  parts.  This  test  stoll  be  repeated  with  the  chocl:  flow  poi't 
pluGGcd.  and  pressure  applied  to  the  free  flow  port.  The  fluid  tempo  rat  arc  slnll  be 
95  ±  15°F  for  this  test.  Tlio  valve  s)ut.11  be  x'otf’ovcd  from  the  tort  nunifold  and 

visually  inspected  for  any  mechanical  failures. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  paclcaginG.-  Each  component  shall  be  filf.oi'  w:'tb  Ip.'di’aulic 
fluid  confprminG  to  MIL-n-0446.  All  internal  surfaces  of  components  slrill  1^' 
completely  coated  with  fluid  and  tlicn  drained  to  the  drip-point  prior  to  son  liny:. 

The  component  shall  then  be  wrapped  in  ci’^de  A  Greaseproof  paper  conforiLlnG  to 
Specification  IiIL-B-121  and  sealed  with  tape  conforminG  'to  Specification  PPP-T-60. 

Each  wrapped  component  shall  be  pacliiGed  in  accordance  with  the  muiufacturer' s 
cormnercial  practices. 

5.2  .  I-feirld-nG  of  shipments.-  Interior  paclaicss  and  exterior  sliippiiiG  containers 

shall  be  narlced  in  accordance  with  Standard  MIL-STD-129,  and  sliall  include  the  follo^riiiG 

Stock  No.  as  specified  in  the  purclxise  document 
Name  of  part 
MS  Part  No. 

Month  and  year  of  manufacture 
Class  or  size 
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FIGUI^C  3 

TYPICAL  SETUP  FOR  EITDURMCE  TEST 
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6.  NO'HSS 

6.1  Intended  uoo.-  I'he  cbock  valves  covered  by  this  specification  o-rc 
intended  for  use  in  aircro-ft  and  missile  hydraulic  systems  covered  by  Spocificationo 
MTI,>-II>-(5091,  and  oporatiny  with  hydraulic  fluid  conforming  to  Specification 

at.  pressuroD  which  do  not  exceed  4,000  psi.  The  chock  valve  is  further  intended  for 
Mfto  in  n  manifolded  oi’  packa/^cd  type  system. 

6.2  Ordering  data.-  Procurement  documents  should  specify  the  follo\-?ing: 

(a)  Title,  number,  and  date  of  this  specification 

(b)  IC  part  number 

(c)  Class 

(d)  Federal  stock  number 

6.3  Qualification.-  With  respect  to  products  requirin^g  qualification,  awards 
v/ill  bo  made  only  for  such  products  as  l^avo,  prior  to  tlie  time  set  for  opening  bids, 
been  tested  and  approved  for  InclUGion  in  tlic  applicable  Qualified  Products  List 
v/hothor  or  not  ouch  pi’oducto  liuve  actually  boon  so  listed  by  that  date.  The 
attention  of  the  suppliers  is  called  to  this  requirement,  and  manufacturers  arc 
urticd  to  uri-angc  to  liavc  tlac  products  that  they  propose  to  offer  to  the  Federal 
Goveriujunt,  tested  for  qualification,  in  order  that  they  may  be  eligible  to  be 
av/arded  contracts  or  orders  for  the  products  covered  by  this  specification.  Tlie 
activity  responsible  for  the  Qualified  Products  List  is  the  Bureau  of  Haval  Weapons, 
I'lavy  Department,  V/uohington  25,  D.  C.,  however,  information  pertaining  to  qmlification 
of  products  may  be  obtained  from  the  Commanding  Officer,  U.S.  Waml  Air  Material 
Center,  Naval  Base,  Philadelplila  12,  Pennsylvania. 

NOTICE;  VJhen  Govcimment  di-uwings,  spoclflcations,  or  other  data  are 

used  for  any  purpose  otlier  than  in  connection  with  a  defintely 
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rc3xitod  Govornmont  pi’oaurement  opoi-ation,  tho  United  States  Govonxiient 
thereby  incuro  no  roriponaibility  nor  any  obli£;atlon  wlmtnoover;  o,nd 
the  fact  that  the  Govoi*nnK-!nt  rnay  kive  foriiinl'itcd^  rnrnirjlicd, ,  o.i;’  an;' 
way  Dui)plicd .  the  naid  drawings,  specifications,  or  otlior  data  is  not 
to  ho  regarded  by  implication  or  othoCTiiric  as  in  any  manner  licensin'; 
the  holder  or  any  other  person  or  corporation,  or  conveying  '.xny  rightr- 
or  permission  to  manufactm-e,  use,  or  sell  any  patented  invention  divt 
may  in  any  way  bo  related  thereto. 

Custodians;  Pi*epa,ring  activity; 

Wavy  -  Bureau  of  Naval  V/eapons  Navy  -  ijuroau  of  Naval  VJeapons 

All'  Force 
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Suggested  MIL  Specification  for  Restrictor 
Suggested  MS  Standard  For  One  Way  Restrictor 
Sxjggested  MS  Standard  For  Two  Way  Restrictor 
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Other  Cust 

VALVE, MODULAR 
HYDRAULIC  RESTRICTOR 

li,000  Rjl,  TYPE  III  SYSTEM 

MILITARY  STANDARD 

MS 

PROCUREMENT  SPECIFICATION 
mL- 

SUPERSEDES: 

SHEET  ^  OF  ^ 

APPROVED  REVISED 


FED.  SUP  CLASS 


bh6H  NllMilFK:: 


DASH 

NUMBER 

DASH 

NUMDt^R 

DASH 
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29 

DKTAIL  htXiOlKBMKJTS 


tkmberatube  limits 

PRESSURE 

FLUID 

SEALS 

LIFE 

PRESSURE  DROP 


mm  AND  ♦6S»0^F  AMBIEHT  MAXIMUM,  VALVE  SHALL  FUNCTION  AT 
OPERATING  4000  PSI,  PROOF  6000  PSI,  DURST  10,000  PSI 
SPECIFICATION  MIL-H-8446 
SPECIFICATION  MIL- 

SEE  SPECIFICATION  MIL-  FOR  ENDURANCE 

2000  PSI  AT  RATED  FLOW  IN  RESTRICTED  FLOW  DIRECTION;  2^  PSI  MAXIMUM  IN  FREE 
FLOW  DIRECTION 


MATERIAL:  SEE  SPECIFICATION  MIL- 

FINISH:  SEE  SPECIFICATION  MIL- 

MACHINE  FINISHES:  SEALING  SURFACES  (NOTED  BY  SYt*lB0LA)  SHALL  BE  16/  RHR  Oh  LEIJS,  ALL  OTHER 

SURl-'ACBS  5HAI.L  DE  RHR  MAXIMUM  UNLtSi  OlllElWIoE  NOTED,  ^ 

T0LE^7cEST“‘tHE'  two'  SEAUnO  surfaces  on  THE  VALVE  SHALL  BE  PARALLEL  WITHIN  .002  FIR  AND  PERPENDICULAR  TO  AXIS 

OF  VALVE  THREAD  WITHIN  .003  THE  TVO  SEALING  SURI’ACBS  OP  THE  CAVITY  SHALL  DE  PARALLEL  WITHIN  .002  AND 

PERPENDICUIAR  TO  THE  AXIS  OF  THE  CAVITY  THREAD  WITHIN  .003  FIR. 

LINEAR  TOLERANCE:  t.Ol  INCH  UNLESS  OTHERWISE  NOTED. 

ANGULAR  TOLERANCE:  >2^  UNLE.>S  OTHERWISE  NOTED. 

THIS  VALVE  IS  INTEJ^DED  FOR  INSTALIATION  IN  A  f^ANlFcU)  uR  HOUSING  FOR  USE  IN  ».0uo  psl  TYPE  III  HYDRAULIC  SYSTEMS 
WITHIN  THE  LIMITS  SPECIFIED  HEREIN  AND  B/  SPECIFICATION  mL-  .  DASH  NUMBER  INDICATES  FLOW  RATE  THROUGH 

RESTRICTOR  VALVE,  IN  RESTRICTED  DIRECTION,  IN  TENTHS  OF  A  GALLON  PER  MINUTE  AT  2000  PSI  DIFFEREOTIAL  PRESSURE. 

SEAL  SURFACES  ARE  DENOTED  BY  THE  SYMBOL  ▲ . 

THREADS  SHALL  CONTORM  TO  SPECIFICATION  MIL-S-7742. 

THE  MS  PART  NUMBER,  THE  WORD  "RESTRICTOR",  THE  MANUFACTURER'S  NAME  OR  TRADEMARK  AND  THE  MANUFACTURER'S  PART 
NUMBER  SHALL  BE  PERMANENTLY  MARKED  ON  THE  HEX  AND/OR  FLANGE  SURFACES  SUCH  THAT  THE  MARKING  IS  VISIBU:  WHEN 
THE  VALVE  IS  INSTALLED. 
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FED.  SUP  CLASS 


IMSH  NUMHi-BS 


DASH 

NUMBER 

DASH 

NUMDB:n 

DASH 

NlJMBI'iR 

1 

12 

R  . 

2 

lil 

36 

3 

16 

Co 

jj 

10 

50 

5 

20 

^5 

- g - 

23 

Bn 

8 

26 

100 

10 

29 

120 

TEMPERATURE  LIMITS 

PHESSURE 

FUIID 

SEALS 

LIFE 

HtESSlfRB  DROP 


FLUID  AND  AMDIEHT  VALVE  SHALL  FUNCTION  AT 

OPERATING  U«yj)  ViM,  PROOF  P51,  BURST  iL,aOO  P3I 
SPECIFICATION  MIL-H-(iU».0 
SPECIFICATION  f-ni.- 

SEE  SPECIFICATION  t-UL-  FOR  FNDURAHCB 

P^OOO  PSl  AT  RATED  FLOW  IN  ElTJiER  FLOW  DIRECTION 


MATERIAL:  SEE  SPECIFICATION  MIL- 

FINISH:  SEE  SPECIFICATION  MIL- 

MACHINE  FINISHES:  SEAUNG  .SURFACES  (NOTED  BI  SIMBOl  A)  SHALL  PK  16/  Wm  Oh  LESS.  ALL  OTHFii 
SURFACES  SHALL  UE  12^  riHR  MAXIMUM  UNLFSS  OTUbiiWIoE  NOTED, 

lOLEKANCESj  THE  TWO  SEALING  SURFACES  OK  THE  VALVE  oHALL  BE  PARALLEL  WITHIN  ,002  FIR  AND  PERPEND! CUIAR  TO  AXIS 
OF  VALVE  THREAD  WITHIN  .003  FIR*  THE  TWO  SEALING  SURFACES  OF  THE  CAVITY  SHALL  BE  PARALLEL  WITHIN  ,002  AND 
eERPBNDICUlAR  TO  THE  AXIS  OF  THE  CAVITY  THREAD  WITHIN  .003  FIR. 

U[<EAR  TOLERAHCE:  *.01  INCH  UNLESS  OTHERWISE  NOTED, 

ANGULAR  TOLERANCE:  ~ *2°  UNLESS  OTHERWISE  NOTED. 

THIS  VALVE  IS  INTENDED  FOR  INSTALLATION  IN  A  I-IAIIIFOLD  OR  HOUSING  FOR  USE  IN  4000  PSI  'nPE  III  HYDRAULIC 

SYSTEMS  WITHIN  THE  LIMITS  SPECIFIED  HEREIN  ATJD  BY  SPECIFICATION  MIL-  .  THE  FIRST  DASH  NUMBER  INDICATES 

FIXJW  RATE  FROM  PORT  NO,  i  TO  PORT  NO.  P  IN  TENTHS  OF  A  GALLON  PER  MINUTE  AT  2000  PSI  DIFFERENTIAL  PRESSURE. 
THE  SECOND  WSH  NUMBER  INDICATEG  FLOW  RATE  FROM  PORT  NO.  2  TO  PORT  NO.  1  IN  TENTHS  OF  A  GALLON  PER  MHiUTE 
AT  PoOO  PSI  DIFFERENTIAL  PRESSURE.  THE  FIR.ST  DASH  NU^fflER  WJST  BE  LESS  'IHAN  THE  SECOND  DASH  WMDER  AND  THP: 
SECOND  0A3K  NUMBER  MAY  BE  ANY  NUMBER  SHOWN  IN  TliF,  ABOVE  TABLE. 

SEAL  SURFACES  AliE  DENOTED  BY  THE  SYMBOL  A  . 

THREADS  SHALL  CONFORM  TO  SPECIFICATION  taL-S-Y742. 

TJIE  MO  PART  lAJMBER,  THE  WORD  "RESTRICTOR",  THE  MANUFACTURER'S  NAME  OH  TRADEMARK  AND  THBI  MANUFACTURER'S  PART 
NUMBER  SHALL  BE  PFRMAHENTLY  MARKED  OK  THE  HEX  AKD/CB  FLANGE  SURFACES  SUCH  THAT  T-HE  MARKING  IS  VISIBLE  WHEN 
THE  VALVE  IS  INSTALLED. 
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MILITARY  SPECIFICATION 
VALVE;  AIRCRAFT  HYDRAULIC  RESTRICTOR 


1.  SCOPE 

1.1  Scope.-  This  specification  covers  cartridge -type  modular  hydraulic 
I'estrictor  valves,  for  use  in  Tj^ie  III  aircraft  hydraulic  systems  conforming 
to  Specification  MIL-H-8891. 

1.2  Classification.-  Restrictor  valves  shall  be  of  the  following  types: 

Type  I  -  One-way  restrictor 

Type  II  -  Two-way  restricotr 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation 


for  bids,  form  a  part  of  this  specification  to  the  extent  specified: 


Specifications 


Federal 

PPP-T-60 

Military 


MIL -B -121 
MIL -I -6866 
MIL-I-6868 

MIL-H-6875 

MIL -S -77^2 
MIL -M- 7911 

MIL-H-8446 

MIL-H-8891 

MIL-D-70327 


Standards 


MIL -STD -10 
MIL-STD-129 
MIL-STD-143 
MS-33540 
MS -20995 


Tape,  Pressure  Sensitive  Adhesive,  Waterproof 


Barrier  Material,  Creaseproof ,  Flexible,  Waterproofed 
Inspection,  Penetrant  Method  of 
Inspection  Process,  Magnetic -Particle 

Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 
Screw  Threads,  Standard,  Aeronautical 

Marking,  Identification  of  Aeronautical  Equipment,  Assem 
Assemblies  and  Parts 

Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 
Hydraulic  Systems,  Type  III  Design,  Installation, 

Tests  and  Data  Requirements,  Oeneral  Specification  for 
Drawings,  Engineering  and  Associated  Lists 


Surface  Roughness,  Waviness  and  Lay 
Marking  for  Shipment  and  Storage 
Specification  and  Standards,  Use  of 
Safety  Wiring  -  General  Practices  for 
Wire -Lock 
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Drawing 

MS-  Valve,  Restrictor,  One-Way  (Type  l)  -  Modular,  Envelope  for 

MS-  Valve,  Restrictor,  Two-Way  (Type  II)  -  Modular,  Envelope  for 

2.2  Other  Publications.-  Where  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2.1,  they  shall  be  selected  in  the  order  of 
precedence  set  forth  in  MIL-STD-143.  Where  contractor  materials  and  proc'fess 
specifications  are  permitted  under  MIL-STD-143,  they  shall  contain  provisions  for 
adeqviate  tests  and  inspection. 

3.  REQUIREMENTS 

3.1  Qiaalitication.-  The  restrictor  valve  furnished  under  this  spedification 
shall  be .a  product  which  has  been  tested  and  passed  the  qualification  tests  specified 
herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicable  qualified 
products  list. 

3.2  Materials  and  Processes.-  Materials  and  processes  used  in  the 
manufacture  of  these  valves  shall  conform  to  the  following  requirements  and  to 
applicable  specifications  as  defined  in  Dection  2; 

3.2.1  Metals.-  All  metals  shall  be  compatible  with  the  fluid  and  intended 
temperature,  functional,  service,  and  storage  conditions  to  which  the  components 
will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting  type  or  shall  be 
adequately  protected  to  resist  corrosion  during  the  normal  service  life  of  the  valve 
which  may  result  from  such  conditions  as  dissimilar  metal,  combinations,  moisture, 
salt  spray,  and  high -tempera tune  deterioration,  as  applicable.  Copper,  aluminum, 
and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the  procuring  agency. 

Ferrous  alloys  shall  have  a  chromium  content  of  not  less  than  12  percent 
or  shall  be  suitably  protected  against  corrosion.  In  addition,  cadmixim  and  zinc 
platings  shall  not  be  used  for  internal  parts  or  on  internal  surfaces  in  contact 
with  hydraulic  fluid  or  exposed  to  its  vapors. 
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3.2.i'  Sub-zero  Stabilization  of  Steel.-  Close-fitting,  sliding  steel  parts 
shall  be  cold  stabilized  in  aecordance  with  Specification  MIL-II.-6875  to  reduce 
warpage  tendencies. 

3.2.3  Plastic  Parts.-  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  proexaring  agency  for  each  application. 

3.3  Parts.-  Standard  parts  selected  in  accordance  vfith  Section  2  shall 
be  \ised  wherever  they  ni'e  suitable  for  the  purpose,  and  shall  be  identified  on 

the  drawing  by  their  part  numbers.  Conimercial  utility  parts  such  as  screws,  bolts, 
nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable  properties 
and  are  replaceable  by  approved  standard  parts  without  alteration  and  provided 
the  approved  standard  part  is  referenced  in  the  parts  list  and,  if  practicable, 
on  the  contractor's  drax^ings. 

3A  Design  and  Construction 

3.^.1  Envelope.-  The  external  configxirotion,  dimensions,  and  other  details 
of  the  design  shall  conform  to  the  requirements  of  this  specification, 

M3 _ ,  or  M3 _ ^  and  applicable  drax'Xings. 

3.4.2  Hydraulic  Flxiid .  -  TVie  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  f'pei.'ifiixntion  MIL-H-84)|G. 

3.4.3-  Temperature  Ran/'e.-  The  valves  shall  be  designed  to  meet  the 
functional  and  operational  i-equirements  of  this  specification  throughout  a 
fluid,  temperature  range  of  to  450°F  and  an  ambient  tempierature  range  of 

-65“?  to  650“F. 


Restrictor  Valv 
Page  It  of  20 

S.li-.U  Threads.-  Only  class  3,  straight  threads  conforming  to  Specification 
MIL-S-T742  shall  be  used. 

3. It-. 5  Seals.-  Seals  shall  be  of  metallic  construction  and  shall  be  approved 
by  the  procuring  agency. 

3. It-. 6  Safetying.-  Threaded  parts  shall  be  positively  locked  or  safetied 
by  safety-wiring,  self -locking  nuts,  or  other  approved  methods.  Safety' v/ire 
shall  be  applied  in  accordance  with  Standard  Drawings  MS-335l<^0  and  MS-20995* 

3.4.7  Retainer  Rings.-  Except  where  they  are  positivei  stained  from  being 
dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used  in  hydrhUlic 
equipment  where  failure  of  the  ring  will  allovr  blow  apart  or  Jamming  of  the  'valve. 

3.4.8  Structural  Strength.-  The  valves  shall  have  sufficient  strength  to 
withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure, temperature 
variations,  and  installation. 

3.4.9  Weight.-  The  weight  sliall  be  kept  to  a  minimum  consistent  with  good 
design,  and  shall  not  exceed  0.15  pounds  for  Type  I  valves  and  shall  not  exceed  0.17 
po'mds  for  type  II  valves.  The  weight  shall  be  specified  on  the  applicable  drawing. 

3.4.10  Mounting  Position.-  The  valves  shall  satisfy  the  performance  requirements 
when  mounted  in  any  position. 

3.4.11  Flow  Control.-  The  restrictor  valves  shall  be  designed  to  provide  the 
rated  flow  versus  differential  pressure,  as  shown  for  the  corresponding  identification 
dash  number  on  the  performance  chart  Figure  1.  Only  the  dash  numbers  shown  shall  be 
used. 

3.4.12  Filters.-  Valves  containing  orifices  whose  smallest  dimension  is  less 
than  0.070  inch  in  diameter  shall  be  provided  with  filtration  protection.  The  filter 
element  shall  consist  of  a  wire  mesh  screen  whose  smallest  hole  dimension  is  not  less 
than  0.008  inch  and  whose  largest  hole  dimension  is  not  greater  than  0.012  inch. 
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3. 4, 13  Surface  rotoghness.-  Surface  roughness  rinishes  shall  be  established 
and  shall  be  specified  on  the  manufactiirer '  s  assembly  drawings  as  outlined  in 
MIL-STD-10. 

3.5  Interchangeability 

3.5 •!  Manufacturer's  parts.-  All  parts  having  the  same  manufacturer's  part 
number  shall  be  directly  and  completely  interchangeable  vrith  each  other  with  respect 
to  installation  and  performance.  Changes  in  manufacturer  s  part  numbers  shall  be 
governed  by  the  drawing  number  requirements  of  Specification  MIL-D-70327* 
Subassemblies,  composed  of  selected  mating  components,  shall  be  interchangeable  as 
assembled  units,  and  shall  be  so  indicated  on  the  manufacturer's  drawings.  The 
individual  components  of  such  assembled  units  need  not  be  interchangeable. 

3.5.2  Maintainability.-  Modtalar  valves  shall  be  self-contained  components 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another 
without  any  detail  disassembly,  readjustment  of  setting,  or  impairment  of  fimction. 

3.6  Identification.-  Each  valve  shall  have  the  identifying  markings 
placed  on  the  hex  head  or  the  flange  so  that  the  identification  can  be  read  when 
the  valve  is  installed  in  a  manifold  cavity.  Each  valve  shall  be  permanently  and 
legibly  marked  with  the  following  information,  per  MIL-M-7911* 

Valve,  Restrictor 

MS  No,,  and  appropriate  dash  number 

Manufactuirer' s  Part  No. 

Manufacturer's  Name  or  Trademark 

Type  I  valves  shall  have  a  dash  number  following  the  MS  number  indicating  the  flow 
rate  in  the  restricted  flow  dif'ectiori  in  tenths  of  a  gallon  par  minute  at  2,-000  psl 
differential  pressure,  using  Specification  MIL-H-n4)|.6  fluid  at  100+15°F.  Type  II 
valves  shall  have  two  seisarate  dash  numbers  following  the  MS  number  to  indicate  the 


:-.c.-:trlctor  Valve 
Pnf^a  6  of  PO 

flow  ratn  in  eac?i  flirectlon  in  tenths  of  a  gallon  per  minute  at  2,000  psi 
differentinl  pressure,  using  Specification  MIL-H-B)4l+6  fluid  at  100'-lSi‘’F. 

3.7  Workmanship 

3.7'1  Quality.-  Workmanship  shall  be  of  sufficiently  high  qi,wlity  to  insure 
satisfactory  operation  ami  service  life.  The  nanufacturer  shall  exercise  extreme 
care  in  fabricating,  assembling,  handlirif  ,  and  packaging  valves  to  assvire  that  the 
components  are  clean  and  free  of  contaminant.  All  parts  shall  be  free  from  pits,  rust, 

scrnp'-’S,  splits,  ciracks,  biirrs,  and  sharp  edges. 

l.T-d  Physical  Defect  Inspection.-  All  magnetizable  highly  stressed  parts 
shall  be  subjected  to  ntignetlc  inspection  in  accordance  with  Specification  MIL-I-6860. 
Cracks  or  other  injurious  defects  disclosed  by  the  inspection  shall  be  cause  for 
rejection.  All  non -magnetizable  highly  stresse>i  parts  shall  be  subjected  to 
fluorescent  penetrant  inspection  in  accord:  mc'  with  Spx?cif ication  MIL-I-6866. 

Cracks  or  other  injurious  defects  disclosed  by  the  inspection  sliall  be  cause  for 
rejection. 

3.8  rerfoi-mance 

3.8.1  Rated  Pressure.-  The  valves  shall  bcj  designed  to  oiperate  in  a 
hydraulic  system  having  a  rated  pressure  of  U,000  psi. 

3.”.P  Operating  pressure.-  The  valves  shall  be  designed  to  insure 
satisfactory  operation  and  sex-vice  li^e  throughout  the  oj^erating  i-ange  from  0  to 
k,000  psi  at  rated  flows  per  Figure  1,  when  tested  per  4.6.3.  The  v.ii  js  shall  be 
capable  of  operatlori  at  6,000  psi. 

3.8.3  Proof  Pressure.-  The  valves  sh-ill  be  cap-dile  of  v/iths tending  a  proof 
pressure  of  6,000  psi,  when  tested  per  4. (..2;  and  there  shall  be  no  evidence  of  e;'Lei’ml 
leakage,  permanent  set,  or  other  damage. 
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Flow  Rate.-  Plow  rotes  of  Type  I  and  Type  II  valves  shall  fall  within 
the  limits  of  Figure  1  for  the  particular  hash  number  size  being  rated,  when  tested 
per  U.6.3.  Type  I  valves  shall  be  flow  rated  in  the  direction  of  restricted  flow. 

Type  II  valves  shall  bo  flow  rated  in  both  directions . 

3.^’'.5  Erosion.-  The  valves  shall  meet  the  flow  rate  requirements  of 
paragraph  3*''-'  after  five  hours  of  continuous  operation  with  a  pressure  drop  of 
5,000  psi  to  5,300  psi,  when  tested  per  4.6.U. 

3.8.6  Check  valve  operation  of  Type  I  valves.-  Type  I  valves  shall  pass  four 
gallons  per  minute  in  the  free  flov/  direction  with  a  net  pressure  hrop  that  shall 
not  exceed  ?5  psi,  when  tested  per  4.6.5*  Net  pressure  drop  shall  be  the  difference 
in  pressure  drop  across  the  test  housing  with  the  valve  installed,  and  the  pressure 
drop  across  the  housing  with  the  cavity  pl\igged.  In  addition  the  valves  shall  meet 
the  flow  rate  requirements  of  pjtragraph  3.8.4  after  being  subjected  to  2,500  cycles 
of  surge  pressure  at  li,000  psi,  when  tested  per  4.6.5* 

3.8.7  Endui'ance.-  Tiie  valves  shall  meet  the  requirements  of  paragraphs  3*8.3 
and  3.8.4  after  50,000  cycles  of  operatioti  wVien  tested  per  4,6.6. 

3.8.8  Vibration.-  The  valves  shall  meet  requirements  of  paragraph  4. 6. 3. 2 
after  being  subjected  to  vibration  from  5  to  2,000  cps  at  ar.  amplitude  of  0.04 
inch  (0.08  inch  total  exctirslon)  or  15"g"p  whichever  is  limiting,  when  tested 

per  4.6.7. 

3.8.9  Burst  Pressiore.-  When  10,000  psi  is  applied  to  the  valves  per  4.6.8, 
there  shall  be  no  evidence  of  rupture  of  internal  or  externa]  parts. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility.-  The  manufacturer  is  i-esponsible  for  the  performar 
of  all  acceptance  tests  prior  to  submission  for  Government  inspection  and  acceptance. 
Except  as  otherwise  specified,  the  nwnufncturer  may  utilize  his  own  fai;ilities  or  any 
commercial  laboratory  acceptable  to  the  Government.  Inspection  records  of  the 
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examinations  and  tests  shall  be  kept  complete  and  available  to  the  Government  as 
specified  in  the  contract  or  order. 

h.2  Classification  of  tests.-  The  inspection  and  testing  of  restrictor  valves 
shall  be  classified  as  follows: 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests. 

4.3.1  Sampling  instructions 

4. 3. 1.1  Samples  of  restrictor  valves  for  qualification  tests  shall  consist  of 
one  specimen  of  each  class  valve  upon  which  qualification  is  desired. 

4. 3. 1.2  The  specimen  sliall  be  assembled  of  parts  which  conform  to  manufacturer's 
drawings . 

4. 3. 1.3  The  manufactxirer  shall  provide  calculations  showing  that  adequate 
clearance  of  moving  parts  is  provided  at  -65“F  nnd  450°F,  using  the  most  adverse 
dimensions.  The  room  temperature  reference  point  shall  be  70“F. 

4.3.2  Tests.-  The  qualification  tests  shall  consist  of  the  following  tests 
which  shall  be  conducted  in  the  order  listed.  All  tests  are  described  under  4,6 
of  this  specification. 

(a)  Examination  of  product  per  4.6.1. 

(b)  Proof  pressure  per  4.6.2. 

(c)  Flow  rate  per  4.6.3. 

(d)  Erosion  test  per  4.6.4. 

(e)  Check  valve  operation  of  Type  I  valves  per  4,6.5. 

(f)  Endurance  per  4.6.6. 

(g)  Vibration  per  4.6.7. 

(h)  Burst  pressure  per  4.6,0. 
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4. 4  Acceptance  Testa.-  Acceptance  tests  shall  he  performed  on  individual  values 
or  lots  vhich  have  been  submitted  under  contract  to  detennine  craafoninance  of  the 
products  or  lots  with  requirements  set  forth  in  this  specification  prior  to  acceptance. 
Each  check  valve  shall  be  subjected  to  the  following  tests: 

(a)  Examination  of  product  per  4.6.1. 

(b)  Proof  pressure  per  4.6.2 

(c)  Flow  rate  per  4.6.3. 

4.5  Teat  Conditions 

4.5.1  Test  Fluid.-  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  Temperature.-  If  the  fluid  tempera twe  is  not  otherwise  specified 
for  a  given  test,  it  shall  be  95±15"F  for  that  particular  test.  Hie  outlet  fluid 
temperature  shall  be  aiiecified,  and  the  inlet  fluid  temperature  shall  be  measured 

as  near  as  practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component 
shall  be  bled  of  air  and  inert  gas  and  naintained  full  of  fluid. 


4,5.3  Contamination.-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminate  mixture  shall  be  added  through  the  reservoir  of  the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer  or 
shall  bo  externally  excited  so  as  to  keep  the  contaminant  continuously  agitated  or 
mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  per  three 
gallons  system  fluid  capacity  has  been  Introduced.  The  test  dust  shall  be  apportioned 
as  follows : 

Size  of  Particle  Percent  by  Weight  of  Total 

0  to  5  micron  39*2 

5  to  10  micron  l8±3 

10  to  20  micron  l6±3 

20  to  40  micron  18±3 


Over  40  micron 


9*3 
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•4-, 5.^  Filtration.-  The  test  fluid  shall  he  continuously  filtered  through  a  filter 
which  has  a  maximum  opening  that  does  not  exceed  25  microns.  The  filter  and  element 
used  shall  he  satisfactory  for  the  temperature  range  encounter '^d,  and  cleaned  or 
changed  regularly  to  prevent  clogging. 

*4-, 5. 5  Test  Housing 

4, 5. 5*1  Qualification  Test  Housing.-  All  tests  in  4.3.2  shall  he  conducted 
in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the  cavity 
and  which  is  acceptable  to  the  procuring  agency. 

4. 5. 5-2  Acceptance  Test  Housing.-  The  tests  in  4.4  may  he  conducted  in  the 
qualification  test  housing  or  in  a  housing  having  any  other  external  configuration. 

4,6  Test  Methods 

4.6.1  Examination  of  Pi’Otiuct.-  Each  valve  shall  he  carefully  examined 
to  determine  conformance  with  the  requirements  of  this  specification  for 
workmanship,  marking,  conformance  to  applicable  drawings,  or  for  any  visible  defects. 

The  determination  of  svirface  finish  shall  be  made  with  a  profilometer,  comparator 
brush  analyzer,  or  equally  suitable  comparison  equipmeist  with  an  accuracy  of  ■♦5 
micro-inches  at  the  level  being  measured. 

4.6.2  Proof  Pressure. 

4.6,2,!  Proof  pressure  for  Qualification.-  Hydraulic  pressure  shall  be 
applied  simultaneously  to  both  ports  at  a  rate  not  exceeding  25,000  psl  per 
minute  until  6,000  psi  is  reached.  The  proof  pressure  shall  be  held  fca:  a 
minimum  of  2  minutes.  There  shall  be  no  evidence  of  external  leakage,  permanent 
set,  or  other  damage.  The  fluid  temperature  shall  be  450±15®P.  for  this  test. 

4. 6. 2. 2  Proof  pressure  for  Acceptance.-  The  test  shall  be  conducted  per 
4.6.2,!  except  that  the  fluid  temperature  shall  be  95*15 “F. 
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4.6.3  Flow  Rate.-  Type  I  valve0..;sball  be  flow  rated  in  the  direction  of 
restricted  flow,  and  Type  II  valves  shall  be  flow  rated  in  both  directions.  The 
valve  test  housing  shall  be  installed  four  tube  diameters  downstream  from  the 
pressure  pickup  and  fifteen  tube  diameters  upstream  from  the  return  pickup. 

4. 6. 3.1  Flow  rate  for  Qualification.-  Flow  rate  shall  be  measured  at  the 
following  differential  pressures:  100  to  105 j  490  to  510 j  1,980  to  2,020;  and 
3,970  to  4,030  psi  with  Specification  MIL-H-8446  fluid  at  a  temperature  of  -65±5‘’F; 
+100±5‘*P,  and  +450±15‘‘F.  The  flow  must  fall  within  the  limits  of  Figure  1  for  the  par 
particular  dash  size  being  tested. 

4. 6. 3. 2.  Plow  rate  for  Acceptance.-  Plow  rate  shall  be  measured  at  a  differential 
pressure  of  1,980  to  2,020  psi  vrith  the  Specification  MIL-H-8446  fluid  at  a  temperature 
of  100±5‘‘F.  The  flow  shall  fall  within  the  limits  of  Figure  1  for  the  particular 
dash  size  being  tested. 

4.6.4  Erosion  Test. 

4. 6. 4.1  Erosion  test  at  Room  Temperature.-  Restrictor  valves  shall  withstand 

5  hours  of  continuous  operation  in  each  direction  of  restricted  flow  at  such  a  flow  that 
the  pressure  drop  across  the  valve  is  5/000  to  5/300  psi.  The  gage  pressure  at  the  Inle^ 
to  the  valve  shall  not  exceed  6,000  psi.  The  fluid  temperature  shall  be  maintained 
at  95*15 “F  at  the  inlet  to  the  valve. 

4. 6. 4. 2  Erosion  Test  at  High  Temperature.-  The  erosion  test  of  4. 6, 4,1  shall  be  . 
repeated  except  that  the  inlet  temperature  shall  be  maintained  at  450±15“P.  At  the 

j 

conclusion  of  this  test  the  flow  rate  test  of  4, 6. 3. 2  shall  be  performed  and  1;he 
requirements  thereof  satisfied. 
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U,6.5  Check  valve  operation  of  Type  I  Valves. - 

4. 6, 5.1  Pressure  Drop.-  The  fluid  temperature  shall  be  95±15“F  for  this  test. 

The  net  pressure  drop  shall  be  measured  for  a  flow  of  4_GPM  in  the  free  flow  direction 
and  shall  not  exceed  25  psi.  The  new  pressure  drop  is  obtained  as  the  difference 
in  the  pressiire  drop  across  the  test  housing  with  the  valve  installed  and  the 
pressure  drop  across  the  test  housing  with  the  cavity  opening  plugged, 

U.6.5.2  Surge  Flow  Test,-  A  test  set  up  similar  to  Figure  2  shall  be  used 
for  the  surge  flow  test.  The  air  precharge  pressure  shall  be  3,30^^50  psi  and  the 
hydraulic  system  pressure  shall  be  U,000  psi.  The  directional  control  valve  shall  be 
operated  in  the  following  sequence  for  2500  complete  cycles.  The  following  sequence 
shall  constitute  one  canplete  cycle; 

(a)  The  directional  control  valve  shall  be  in  a  neutral  position 
to  permit  the  build  up  of  k,000  psi  hydraulic  pressure  in  the 
accumulator. 

(b)  The  control  valve  shall  be  quickly  actuated  to  permit  flow 
through  the  restrictor  in  the  free  flow  direction, 

(c)  When  the  pressure  drops  to  1,300±50  psi  the  control  valve  shall  be 
returned  to  the  neutral  position  to  permit  the  build  up  of  4,000  psi 
pressure . 

(d)  The  directional  control  valve  shall  then  be  actuated  to  direct  flow 
through  the  restrictor  in  the  restricted  flovr  direction.  The  selector 
valve  shall  remain  in  this  position  for  at  least  3  seconds  and  then 
returned  to  the  neutral  position. 

Following  this  test  the  valve  shall  be  tested  per  4, 6, 3, 2  and  shall  meet  the  requirement 


thereof . 
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4.6.6  Endurance.-  A  test  set-up  similar  to  Figure  3  shall  he  used  for  the 
endiirance  test. 

4. 6. 6.1  Endurance  For  Type  I  Valves.-  Type  I  valves  shall  he  subjected  to 
50,000  dynamic  cycles  while  undergoing  a  series  of  7  time -temperature  spactrums 
per' Figure  4,  The  first,  fourth,  and  seventh  repetitions  of  this  spectrum  shall 
begin  at  -65‘’F  while  the  other  repetitions  shall  begin  at  95tl5“F.  Each 
dynamic  cycle  s^ll  consist  of  flow  of  4  GPI'1  in  the  free  flow  direction,  followed 

by  a  reversal  of  flow  direction  accompanied  by  a  pressure  peak  of  6,000+200  psi  in  the 
restricted  direction.  The  dynamic  cycling  rate  shall  be  17-20  cpm.  At  the  conclusion 
of  this  test  the  flow  rate  test  of  4. 6. 3. 2  and  the  proof  pressure  test  of  4. 6. 2. 2 
shall  be  performed  and  the  requirements  satisfied, 

4. 6. 6. 2  Endurance  for  Type  II  Valves.-  Type  II  valves  shall  be  subjected  to 
50,000  impulse  cycles  in  each  direction  while  undergoing  seven  repetitions  of 

the  time -temperature  spectrum  shown  in  Figure  4.  The  first,  fourth,  and  seventh 
repetitions  of  the  spectrum  shall  begin  at  -65 "F  while  the  other  spectruras  begin  at 
95±15“F.  Each  cycle  shall  consist  of  a  pressure  peak  of  6,000±200  psi  in  each 
direction.  Impulse  cycling  shall  be  at  a  rate  of  17-20  cpm.  At  the  conclusion 
of  this  test  the  flow  rate  test  of  4. 6, 3. 2  and  the  pi’oof  pressia:e  test  of  4. 6, 2. 2 
shall  be  performed  and  the  requirements  satisfied. 

4.6.7  Vibration.-  With  the  fluid  temperature  maintained  at  95±15“F,  the 
valve  shall  be  cycled  by  alternately  Imposing  rated  flow  in  one  direction 

and  then  the  other  direction  at  the  rate  of  15^5  cycles  per  minute.  While  the  valve 
is  being  cycled  in  this  manner  it  shall  be  vibrated  in  a  hor’izontal  direction  with 
the  frequency  varying  between  5  and  2,000  cycles  per  second  in  30  minutes.  The  amplitudf 
shall  be  0.04  inches  (0.08  inch  total  excursion)  or  15  G'b,  whichever  is  limiting.  This 
test  shall  be  repeated,  and  the  frequency  of  any  and  all  resonant  points  shall  be  noted. 
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Vibrate  the  valve  for  90  minutes  at  the  most  severe  resonant  frequency  noted  above 
at  0.08  inch  total  excursion' or  15  G's, whichever  is  less  severe.  If  no  resonant 
frequency  is  found  the  valve  shall  be  vibrated  for  90  minutes  at  500  ops.  The  above 
•proced\ire  shall  be  repeated  -with  the  direction  of  vibration  changed  90*  horizontally  and 
again  -with  the  direction  of  vibration  changed  to  vertical.  After  completion  of  the  • 
vibration  test  the  valve  shall  be  tested  per  4. 6. 3. 2  and  shall  be  within  the  limits 
specified. 

4.6,8  Burst  Pressure.-  Pressure,  applied  to  both  pWts  slraultaneSusly  or 
to  either  port  with  the  other  port  plugged,  shall  be  increased  at  a  rate  not  to 
exceed  25,000  psi  per  minute  until  10,000  psi  is  reached.  This  pressiire  shall  be 
held  for  two  minutes  without  rupture  of  internal  or  external  parts.  The  fluid 
temperature  shall  be  95±15“F  for  this  test.  The  "valve  shall  be  removed  from  the  test 
manifold  and  visually  insi)ected  for  any  mechanical  failures. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  packaging.-  Each  cwnponent  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of  components  shall 
be  coinple'tely  coated  with  fluid  and  them  drained  to  the  drip-point  prior  to  sealing. 

The  component  shall  then  be  wrapped  or  bagged  in  grade  A  grease-proof  paper  conforming 
to  Specification  MIL-B-121  and  sealed  with  tape  conforming  to  Specification  PPP-T-60. 
Each  wrapped  component  shall  be  packaged  in  accordance  with  the  manufactuiter's 
commercial  practices. 

5.2  Marking  of  Shipments.-  Interior  packages  and  exterior  shipping  containers 
shall  be  marked  in  accordance  with  Standard  MIL-STD-129,  and  shall  include  the 
following; 
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Stock  No.  as  specified  in  the  purchase  document 

Name  of  part 

MS  part  No. 

Month  and  year  of  manufacture 

6.  NOTES 

6.1  Intended  use.-  The  restrictor  valves  covered  by  this  specification  are 
intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by  Specification  ' 
MIL-H-8891,  and  operating  with  hydraulic  fluid  conforming  to  Specification  MIL-H-8k46 
at  pressures  which  do  not  exceed  4,000  psi.  The  restrictor  valve  is  further 
intended  for  use  in  a  manifolded  or  packaged  type  system. 

6.2  Ordering  Data.-  Procurement  documents  should  specify  the  following: 

(a)  Title,  niamber,  and  date  of  this  specification 

(b)  MS  part  number  including  dash  n\Mnber  designating  flow  rate, 

(c)  Federal  Stock  Number 

6.3  Qualification.-  With  respect  to  products  requiring  qualification,  awards 
will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for  opening 
bids,  been  tested  and  approved  for  inclusion  in  the  applicable  Qualified  Products 
List  whether  or  not  such  products  have  actually  been  so  listed  by  that  date.  The 
attention  of  the  suppliers  is  called  to  this  requirement,  and  imnufacturers  are 
urged  to  arrange  to  have  the  products  that  they  propose  to  offer  to  the  Federal 
Govertmient,  tested  for  qualification,  in  order  that  they  may  be  eligible  to  be 
awarded  contracta  or  orders  for  the  products  covered  by  this  specification.  The 
activity  responsible  for  the  qualified  Products  List  is  the  Btireau  of  Naval  Weapons, 
Navy  Department,  Washington  25,  D.  G.,  however,  information  pertaining  to  qualification 
of  products  may  he  obtained  from  the  Commanding  Officer,  U.  S.  Naval  Air 

Material  Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 


Resistor  Valve 
Page  l6  of  20 

NOTICE ;  When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definately  related 
Government  procurement  operation,  the  United  States  Government  thereby 
incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the 
fact  that  the  Government  may  have  formulated,  furnished,  or  any 
way  supplied  the  said  drawings,  specifications,  or  other  data  is  not 
to  be  regarded  by  implication  or  otherwise  as  In  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any  rl^t» 
or  permission  to  manufacture,  use,  or  sell  any  patented  invention  that 
my  in  any  way  be  related  thereto. 

Custodians : 

Navy  -  Bureau  of  Naval  Weapons 


Air  Force 


Preparing  activity: 

Navy  -  Bureau  of  Naval  Weapons 
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FIGURE  3 

TYPICAL  SET  UP  FOR  ENDURANCE  TEST 


FIGURE  2 


TYPICAL  SET  UP  FOR  SURGE  FLOW  TEST 


ItO.'.  o  of  temparatiirfi  rT‘'.3  cr  decay  may  vary 
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FED.  SUP  CUASS 


NO,  6  STUD  (TltP) 
AHjlll-fi  ?  ItBiD  ( 
AN'X)1-6  (TTP) 
ANO,j5-6  (TOP) 


t 


PORT 


.OfK>S 


(PIA,  LOCATION,  AND 
ANGLE  OF  ENTRY  OPTIONAL) 


P.A,  liAVV  BUWEI*a 

Other  CusI 

SWITCH,  MODULAR 
HYDRAULIC  PRESSURE 

1)000  PSI,  TYPE  III  HY.STEM 

^iiLiTASlY  STANDARD 

MS 

PROCUREMENT  SPECIFICATION 
HI  I- 

SUPERSEDES: 

SHEET  ^  OF  ^ 

APPROVED  REVISED 


h',- 

TfMPIiRATURE  LIHITH  - 
PKECSURE 
FLUID 

LIFE 

MATERIAL:  SEE  SPECIFICATION  r-UL- 
FINISH:  SEE  SPECIFICATION  MIL- 

MACHINE  FINISHES:  SEALUJG  SURFACES  (N(»TEI)  nymn.A)  oHAU.  HK  U^/  HliR,  ALL  OTHER  SUliFACES  12?/ RHR, 

TOLERANCfSs 

LIHfAR  TOLERANCE:  i.Ol  ri'/niD. 

AIJGUWR  'I'OJ.ERANnE:  UUIFi,:;  O’niMNJf::-.  Nr^KD. 

Tills  PRESSURE  SWITCH  Is’lNTENDEI)  H)H  IhS I’AUATION  IH  A  MAHIFOLD  OR  HOUSING  FOR  USE  IN  HOOO  PBI,  TXPE  III  HYDRAULIC 
SYSTEMS  WITHIN  THE  LIMITS  SPECIFIED  HW^Kin  AND  RY  Rr’KOIFICATlON  MIL- 
SEALING  SURFACES  ARE  DENOTED  BY  'niK  SYWK)!.  A . 

THREADS  SHALL  CONFORM  TO  SPECIFICATION 

THE  MS  PART  fWIWER,  THE  WORD^’.  ”)»Hr-.;.A*RK  THE  MANUFACTURER’S  NAME  OR  TRADEMARK,  AND  THE  I-IANUFACTURBR 'S  PART 

NUhmKR  SHALL  BE  PERMAr:F..Tl.t  m  HI  ;  \m  ANP/OR  FLANGE  SURFACES  SO  THAT  THE  MARKING  IS  VISIBLE  OH  INSTALLATION, 

TYPE  I  SWITCHES  (ADJUSTAPU:)  ^'NALL  HAVE  THE  PRECStmE  SfcTriHG  r^ARKED  IN  A  TEMPORARY  MANNER  IN  ADDITION  TO  THE  ABOVE, 


♦JC>0'F  FUJID  AliD  AMBltaU'  M/\A1MUM,  -6b®F  MINIMUM, 

OPERATING  HOOO  P:>I,  PROOF  PSI,  BURST  10,000  PSI. 
SPECIFICATION  MIL-H-8»»l|6. 

MIL- 

SEE  SPECIFICATION  FUL-  FOR  ENDURANCE, 


APPROVED  REVISED 


Pressure  Bwltch 
Pa  (70  ].  of  l6 


MiL3?rAi^y  siTscn’icyfflioii 
PREnsuiiJii  swrjcH,  inuMUT.ic 


1.  ;.;noi’K 


1.1  ScoiDG.-  TMg  Gpcci;r.ica.i/ion  covers  cartric1(7e~type  modular  hydraulic  pressure 
suilcbofi,  for  use  in  T:tT}Q  TIT  .•lircr-U’b  hydraulic  systems  conforming;  to  Specification 
in;i.-n-r>;39i. 

l.i^  ClaGcification.-  The  pressure  suitclioo  shall  be  of  the  followini^  classes; 

Class  1  -  0  to  4,000  psi  -  adjustable 
Class  2  -  0  to  4,000  psi  -  non-ad justablc 

2.  AlTLICABtE  D0CUl.WrS 

2.1  The  followin'^  documents  of  the  issue  in  effect  on  date  of  invitation  for 
bids,  form  a  part  of  tlds  specification  to  the  extent  specified  herein. 

Specifications 


PPP-T-60 

^.lyjary 


MIL- B- 123. 

!  fro- 1-6066 
I  ilL- 1-6068 
MIL-II-6075 
MIL-S-7742 
MIL-h-84Ii.6 
MIL-II-O891 

MIL-D-70327 

Standards 

MIL-STU-10 

MIL-STD-129 

MIL-STD-143 

iaL-aTD-202 

RS-33540 

MS-20995 

MS-3102 


Ts,pc,  Pressure  Sensitive  Adhesj.ve,  Watei'pi’oof 


Barrier  Material  Greaseproof,  Flexible,  Waterproof 

Inspection,  Penetrant  Method  of 

Inspection,  Process  Maenctic  Particle 

Heat  Treatment  of  Steels,  (Aircraft  Practice)  for 

Gci’ev?  Tlnreads,  Standard,  Aeronautical 

Hydraulic  Fluid,  Nonpcti’olettm  Base,  Aircraft 

Hydraulic  Systems,  Type  III,  Desicn,  Installation,  Tests 

and  Lata  Requirements,  General  Specification  for 

Drai?in(;s,  En(;ineerin(3  and  Associated  Lists 


Surface  Rouc;3mess,  Waviness  and  Lay 
I4j,rkin(;  for  Shipment  and  Storac;e 
Siseciflcations  Standards,  Use  of 

Test  Methods  for  Electronic  and  Electrical  Component  Parts 

Safety  V/ii-in(;  -  General  Practice  for 

Wire-Lock 

Connectors 


Drawl  np; 
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Obhor  publicatlonrj.-  VTlicre  it  becoinof.  noccsco-ry  to  use  pul)llcations  other 
b]'i:ui  tlioiic  listed  in  2.1.,  they  shall  be  selected  in  order  of  precedence  set  forth 
in  t;IL-r".ru-lH3.  V/here  Gonti’actor  ma,torial  and  pi’ocesn  specifications  o.ro  pcriij.tted 
under  t  iT.Tj-BTi)-l*l-3;  they  shall  contain  provisions  for  adequate  test  and  inspection. 

3.  Id'lojjmhIEm’S 

.'i.l  '.iun.lificati on. >•  The  hydi-aulic  prcs!5ure  rn/;!tch  furnished  under  this  r.pecifica 
tion  rJi.?,ll  be  a  product  uliich  has  been  tested  and  passed  tlie  qutilification  tests 
specif. led  herein  and  1to.s  been  listed  on,  or  /ipprovcd  .for  listing  on,  the  applicable 
qnali.fled  products  list. 

3.2  hfaterials  and  i^rocessos.-  Matorlalo  and  processes  used  in  the  nanufactUre 
of  tl  ese  suitchos  shall  conform  to  tlic  follcnrln,'’;  requirements  and  to  the  oqjplii  cable 
rqiecifications  as  defined  in  !iectio)i  2. 

3.2.1  l«tals.-  All  r.ritals  oluill  be  coinpatible  v;it)i  the  fluid  and  intended 
bcinj,>crature,  functional,  coiarice,  and  sbdrage  conditions  to  wMch  tho  components 
vJll  be  o/.posod,.  Tho  metals  sliall  be  of  a  corrosion-resisting  typo  or  shall  be 
adequately  protected  to  resist  corrosion  during  bhc  normal  service  life  of  the  valve 
^diich  iruiy  result  from  suclv  conditions  as  dissimilar  metal  combinations,  luoisture, 
salt  spray,  and  high -temperature  deterioration,  as  applicable.  Copper,  aluminum,  and 
ma.gnosium  alloys  slxill  be  used  only  ^'/ith  the.  approval  of  the  procuring;  iigency.  Forx’ou 
alloys  shall  have  a  ciiromluw  content  of  not  less  tlian  12  percent  or  shall  be  suitably 
protected  against  corrosion.  In  addition,  cadnium  and  zinc  platings  shall  not  bo 
used  for  internal  parts  or  on  internal  surfaces  in  contact  with  hydi’anlic  fluid  or 
exposed  to  its  vapor-;. 

3.2.2  Sub-zero  stabilization  of  steel.-  Close-fitting,  sliding  steel  parts 
sliall  be  co.l.'l  stabilized  in  accoi’dance  with  Six'cification  MIL-n-6075  to  reduce 


warpage  tendencies. 
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3*2.3  Plastic  Parts."  Plastic  parts  slnll  he  ur3Gd  only  with  the  approvn,!  of 
blic  procuring  activity^  for  each  api^lication. 

3.3  Parts.-  Standard  parts  selected  in  aecordance  with  Section  2  sliall  be  used 
wliorovor  tiioy  o,re  suitable  for  the  purpose,  and  shall  be  identified  on  the  di'aiving 
by  bhoir  p'i,rt  numbers.  Commercial  utility  parts  such  as  screws,  bolts,  nuts,  cotter 
]3ins,  obn.,  ntvy  Lio  used,  prov.i'l.cd  they  possess  r.uitable  propeidiios  and  are  replaceable 
Iry  c.pprovod  Gtu.ndard  paidis  i/itiiout  alteration  and  provided  the  approved  standtii’d  pujrb 
is  referenced  in  the  parts  list  and,  if  practicable,  on  the  manufacturer's  drawi^lgs. 

3*^i-  Design  and  conGtrijction 

3.*'i.l  Envclopio.-  The  er-bcmal  conf i.gurabions,  dimensions,  and,  other  details 
of  the  d.er.iign  rdiall  conforn  bo  the  requii-omcnts  of  this  specification  and  I1S-_  _  . 

3.H.2  Hydraulic  fluid.-  The  switches  shall  be  designed  for  operation  with 
hydi’aulic  fluid  conforiidi\';  to  Specification  MIL-II~0446. 

3.4.3  Tempei’aturc  r;u\go.-  The  switcucs  shall  be  dcr.J;jM  bo  1-  t’'.;  buiiutional 

and  operational  I'equircments  of  this  specification  throughout  a  fluid  todipn’atnrc 
i-angG  of  -65°F  to  450°F  and  an  ambient  tcmpei-ature  ran^je  of  -65°F  to  C^O^F. 

3.4.4  Threads.-  Only  class  tlu'oe  sti-aight  threads  conforming  to  Specification 
MIL-S-7742  shall  be  used. 

3.4.5  Seals.-  All  seals  sliall  be  of  metallic  construction  and  shall  be  aiipi-oved 
by  the  procuring  activity. 

3.4.6  Safetyin(i.-  Thi’oaded  parts  sliall  be  positively  loclied  or  safetied  by 
safety-wiring,  -self -locking  nuts,  or  other  approved  methods.  Safety-v/ife  shall  be 
applied  in  accordance  with  standard  drawings  lvlS-335^iO  find  MS~20995. 

3.4.7  Retainer  rings.-  Except  where  they  are  positively  retained  from  being 
dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used  in  hydraulic 
equipment  where  failure  of  the  ring  will  allow  blow-apart  or  Jamming  of  the  switch. 
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3Ji.<‘3  Structurnl  strength.-  TJie  switches  shall  liave  sufficient  strength  to 
u:i.t]ir.i>;'.rKl  all  coiiibinations  of  loahn  resulting  from  hydraulic  pressure^  tciiperaiiure 
variationrg  and  installations. 

3.)|. 9  Weight.-  The  wei.ght  slx).ll  be  kept  to  a  minimum  consistent  with  good  dcsigi 
•mkI  ;;li,a.ll  be  specified  on  applicable  drav/ing. 

10  Mounting  i)ositlon.-  The  switches  shall  satisfy  the  performance  requiremenb 
wlicn  mounted  in  any  position. 

3. *1.11  Kloctrical  switch  and  electrical  connector.-  A  single-pole  double -thi.-ov; 
.'•,w;itcli  sliall  be  used.  The  cii-cuit  and  terminal  arrs-ngements  shall  confoi’in  with  the 
applicable  detail  drawing.  The  connector  used  shall  conform  to  Mr!~3102. 

3. *1-. 11.1  Current  capacity.-  Pressure  s\;itchas  shall  be  capable  of  opoi’ating  in 
a  2m  volt  d.c.  electrical  system  and  a  115  volt,  *i00  cycle,  a.c.  electrical  system. 

3.*i.ll.2  Class  1  sifitches.-  Class  1  adjustable  switclies  sluill  bo  designed  to 
ops'ii  the  electrical  contacts  between  the  pressure  range  of  500  psi  and  3OOO  psi  ±  25 
psi  during  increasing  hydraulic  pressui'e  and  to  close  the  electrical  contacts  at 
500  psi  below  a  selected  open  contact  setting,  v/ithin  the  range  specified  above, 

(ijiring  decreasing  hyclraullc  pressure,  wlicn  tested  per  *i.6.3. 

3.4.11.3  Class  2  switches.-  Class  2  non-ad j notable  switches  shall  be  designed  to 
open  the  electrical  contacts  at  3OOO  psi  i-  25  psi  during  increasing  hylraulic  pressure 
and  to  close  the '  electrical  contacts  at  5OO  psi  below  the  op'en  contact  sotting  during 
decreasing  Ipglraulic  pressure,  when  tested  pci'  4.6.3* 

3.4.11.4  '  Electi’ical  insuLation.-  Electrical  insulation  shall  be  capable  of 
withstanding  1,000  volts  nils  wlien  tested  per  4.6.4,  without  showing  evidence  of 
cracking,  cliaring  or  burning. 

3.4.12  Surface  rougluicos.-  Surface  rouglmess  finishes  sliall  be  established  and 
oliall  be  specified  on  the  manufacturer’s  assembly  drawings  as  outlined  in  ML-STD-10. 


Prersstjre  fViboh 
P.^ge  5 

3  •  [j  IntGrcJiangc.'ibilii.ty 

3«!;*3-  M'J.rmrf,t.Gt.nrnr •  r  p.i.rtr.!.-  All  parte  baving  the  same  imnufacturer * s  part 
numlior  rhiall  bo  directly  and  cot.iplctely  IntGrchanceablo  with  each  other  with  rcepect 
to  iiurballation  and  poid'ormance .  Changes  in  manufacturer's  part  numbers  shall  be 
governed  by  the  drawin;;  number  requirements  of  Specification  MIL-D~'70327»  Gubassemblier 
composed  of  selected  riutlng  components,  shall  be  interchangeable  as  assembled  units, 
and  shall  be  so  indicated  on  the  manufacturer's  drawings.  The  individual  components 
of  such  assembled  units  need  not  be  interchangeable. 

3«5*2  lii-intainability.-  Swatches  shall  be  self-contained  components  such  that  a 
switch  may  be  removed  from  one  housing  and  inserted  into  another  housing  without  any 
detail  disassembly,  readjustment  of  setting,  or  ii.ipainnent  of  function. 

3*6  Ideidifi cation.-  Eo,ch  switch  sliall  have  the  identifying  rnarld.ngs  placed  on 

the  hex-head  or  tlie  flange  so  tliat  the  idontificixtion  can  be  read  wlien  the  switch 

is  installed  in  the  manifold  cavity.  Each  svdtch  shall  be  permanently  and  legibly 

marted  with  the  following  information  per  I'IIL-M-7911» 

Switch,  Hydraulic  Prcssui’e 
MS-  number 

Manufacturer's  Part  Number 
Manufacturer's  Name  or  Trade  Mark 

In  addition,  tlie  open  contact  setting  sliall  be  stamped  into  a  metal  tag  wlrich  is 
attached  to  the  safety-v/ire  securing  tlie  adjustment  or  adjustment  cover. 

3.7  V/orlonanshlp 

3.7,1  Quality.-  Worlaaanship  shall  be  of  sufficient  high  quality  to  insure 
satisfactory  operation  and  sei’vice  life.  The  i.unufacturer  sliall  exer'cise  extreme 
care  in  fabricating,  assembling  and  pacljLig;ing  switches  to  n?ssure  tliat  the  components 
ai’e  clean  and  free  of  contamin:.ition.  /'.l.l  parts  sliall  be  free  from  pits, 
splits,  cracl-G,  burrs,  and  sliarp  edges. 


rust,  scrapes. 
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3.7.2-  1’hynj.ca.l  defect  incpoctlon.-  All  magnetizable  highly  stressed  parts  shall 
be  subject  to  magnetic'  Inspection  per  , Specif ica/blon  1111.-1-6868.  Ci-acks  or  other 
injurious  defects  disclosed  by  tlie  inspection  sliall  be  cause  for  I’ejection.  All- 
non-niagnetizable  highly  stressed  parts  shall  be  subject  to  fluorescent  penetrant 
inspection  per  specification  MIL-I-6866.  CraeJes  or  other  injurious  defects  disclosed 
by  the  inspection  dull  l.u  cause  for  rejection. 

3.8  Perforimncc 

3.8.1  Rated  pressure.-  The  pressure  switches  sliall  be  capable  of  opei-ation  in 
a  hydro.i.ilic  system  with  a  rated  pressure  of  4,000  pci. 

3.8.2  Operating  pressure.-  Tlie  pressure  switches  shall  be  designed  to  Insure 
satis Tactory  operation  throughout  the  opeiuting  range  of  0  to  4,000  psi  when  tested 
per  )i.6.3. 

3*8.3  Proof  pressure.-  The  pressure  s\;itc]\es  shall  be  designed  to  withstand 
a  proof  pressure  of  6,000  psi  with  a  fluid  temperature  of  450°F.  There  shall  be 
no  evidence  of  leal^agc,  permanent  set,  or  other  damage  tJiat  could  cause  malfunctioning 
of  the  switch  throughout  the  sei’Vicc  life,  \;licn  tested  per  4.6.2.  ■ 

3.8.4  Burst  pressure.-  The  pressure  switches  shall  be  designed  to  withstand  a 
minimum  burst  pressure  of  10,000  psi  at  room  tempci’ature,  when  tested  per  4.6.10. 

3.8.5  Electrical  circuit.-  Tlie  electrical  circuit  of  the  pressure  switches 
shall  operate  satisfactorily  when  tested  at  the  contact  openiuff  and  closing  pressures 
specified  in  paragraphs  4. 6. 3*1  and  4.6.G. 

3.8.6  Shock.-  The  pressure  switches  sliall  be  capable  of  satisfactory  operation 
after  being  subjected  to  a  50  "g"  shock  along  each  of  three  mutually  perpendicular 
a.:';s,  when  tested  per  4.6.5* 

3.8.7  Endurance.-  The  pressure  switches  sloall  be  capable  of  satisfactory  operation 
while  being  subjected  to  50,000  cycles  of  operation,  when  tested  per  4.6.6. 
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3.0..''  Iin;,. -ir.’.i.ojt.-  '.i.'h '  iir-iarnu-n  ii/lbchor;  iilmll  'r,]\ov  no  evidence  of  wlilTe 

'■/olii; ;  in  i.',  ; in ir. vbcei  -jol'it.ion  of.’  rjndlui'i  el'.Iorlde^  v/hen  'bcr'.ted  per 

j.Ti.p  Ccu'rofiir.n.-  !n.’'j;.:r!iu.’c  invitclicr;  ffiull  bo  capalDlo  of  natiofactory 
op'vr.-vbion  .'if-ber  bofin;-;  rinb.jcebod  to  rvi.It  r;pr.iy  for  a  mlnliuuiii  of  200  hourr..  Tboi-e 

t 

bo  a6  eviclonco  of  iloberioration  or  c;orror;:i.t)ii  i/liic]i  v;ould  ].ii  it  the  :;orvice 
life  of  tha  owitcheo,  ’.dicn  tcr.tcd  per  ^.6.9* 

Vn bretion. -  '..’ho  presoui'c  av?itc)ior;  .■".iiall  be  c,apable  of  caticfactory  opoivi- 
h.h')n  ../bc'ji  vibrated  .r.t  .7  t<j  2000  epe  at  an  ai.ipl:i.tndc  o.f  O.OH  inch  (O.OO  incli  total 
01'  15  i/U !.c] !vev  xo  lir.titln; i;hen  to.'';ted  i)cr  ^l•t6.G.  T)ie  cwitch 

eoiu.'u;t.;  (.lull  posocr.-r,  ■.  clo.-.-.xl  circuit  r.oirit.i.viby  <'uid  open  circuit  .scncitivlty  of 
)iob  no.i’C  than  10  i!iilli.jOCon‘,'[;  for  oac]i  'vetion. 

'  hALrfY  ASoUhAUOi.;  rhOVI.hlOIIO 

)|.l  Inspection  rc.nponiiibility.-  The  mnu.f.acturer  i:;  rcfsponrdble  for  the  perfo.ri!i.vnc 
of  1.11  acceptance  tentr;  prior  to  oubmioGion  for  novernmont  inGpoction  and  acceptance, 
't'lc'.pb  .ao  othen/icc  r.;pocifiud,  tlie  mnufacturor  ri.ay  utilize  hi.G  own  facilitien  or  any 
cniriiiinrcial  laboratory  acceptable  to  the  Government.  Inspection  record.^  of  the  caami.nn- 
tion.G  and  testo  ckill  be  bept  complete  and  available  to  the  CJovcrnment  as  specified 
in  biio  contract  or  ordci'. 


4.2  Classification  of  tests.-  The  inspection  and  testing  of  pressure  switclier. 
rJiall  be  cl'A.scificd  as  follov;s: 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests 

4.3.1  Sampling  instructions 

4.3.1. 1  Satplas  of  pressure  switches  for  qualification  tests  sliall  consist  of 
one  specimen  of  each  design  for  which  qualification  is  desired. 
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4.3. 1.2  The  cpcciraen  chall  he  assanbled  of  parts  which  conform  to  manufacturer’s 
drawin,;  ;a . 

li-.S-l-S  The  mnufacturcr  shall  provide  calcuhitionn  shcwJ.ng  the  adequate  clear- 

■,ncG  of  moving  parts  is  pi'ovidod  at  -6^°F  and  4;50°F, using  the  most  adverse  dimensions. 

o 

The  room  tciupcrature  reference  point  sliall  be  "(O  F. 

)|.3.2  Tests.-  The  qualification  tests  sluxll  consist' of  the  following  tests; 

fa)  Meamination  of  product  per  4.6.1. 

(b)  Ovorprensuo.’e'  test  per.  .4. 6. 2.1. 
fc )  uignal  light  test  per  4.6.3*1» 

(d)  Insulation  test  per  4.6.4. 

(e )  Shoe!:  tost  per  4.6.5. 

(f)  Fndurance  tost  per  4.6.6. 

(g)  I'.imorsion  test  per  4.6.7. 

(11)  Viliration  test  per  4.6.8. 

(i )  Salt  spray  test  per  4.6.9* 

(.  )  Durst  pressure  test  x>er  4.6.10. 

)|-.4  Acceptance  tests.-  Acceptance  tests  slxill  be  performed  on  individual 
switches  or  lots  wliich  liave  been  submit L  •'!.  under  contract  to  determine  conformance 
of  the  products  or  lots  with  requirements  set  foi-th  in  this  specification  prior  to 
acceptance.  Each  switch  shill  be  subjected  to  the  following  tests: 

fa)  Examination  of  product  per  4.6.1. 

(b)  Overpressure  test  per  4. 6. 2. 2. 

(c)  Signal  light  test  per  4.6. 3.2. 

4.5  Test  Conditions. 

4.5.1  Test  fluid.-  The  test  fluid  chall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  temperature.-  If  the  fluid  temperature  is  not  othen^ise  specified 
for  a  given  test,  it  sliall  be  95  ±  15°F  for  that  particular  test. 

4.5.3  Test  housing 

4.5. 3.1  Qualification  test  housing.-  All  tests  in  4.3.2  shtill  be  conducted  in 
a  tliin  wall  test  housing  which  is  contoured  externally  to  follow  the  cavity  and  which 
is  acceptable  to  the  procuring  activity. 
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4. 5* 3*2  Acceptance  test  housing.-  The  tests  in  4.4  may  be  condvicted  in  the 
qualification  test  housing  or  in  a  housing  having  any  other  external  ccaifiguration. 

4.6  Test  methods 

4.6.1  Examination  of  product.-  Each  pressure  switch  shall  be  carefully  examined 
to  determine  conformance  with  the  requirement  of  this  specification  for  workmanship, 
marldng,  conformance  to  applicable  drawings,  or  for  any  visible  defects.  The 
determination  of  surface  finish  shall  be  made  with  a  profilometer,  comparator  brush 
analyzer,  or  equally  suitable  cortparison  equipment  with  an  accuracy  of  *5  micro-inches 
at  the  level  being  measured. 

4.6.2  Overpressure  test 

4. 6.2.1  Overpressure  test  for  qualification.-  The  pressure  switch  and  fluid  shall 
be.  stabilized  at  450°F.  Hydraulic  pressure  of  6,000  psi  shall  be  applied  to  the 
pressure  switch  and  held  for  ten  minutes.  There  shall  be  no  evidence  of  external 
lealcage,  permanent  set  or  other  damage. 

4. 6. 2. 2  Overpressure  test  for  acceptance.-  The  pressure  switch  and  fluid  shall 
be  stabilized  at  95  ±  15°F«  Hydraulic  pressure  of  6,000  psi  shall  .he  applied  to  the 
pi’esGure  sv/itch  and  held  for  ten  minutes.  There  sliall  be  no  evidence  of  external 
lealcage,  permanent  set  or  other  damage. 

4.6.3  Signal  light  test 

4, 6. 3*1  Signal  light  test  for  qualification.-  The  pressure  switch  and  fluid  shall 
be  stabilized  at  95  ±  15°P.  Test  apparatus  shall  include  a  temperature  contool  chamber, 
a  variable  hydraulic  pressure  fluid  suRply,  pressure  indicating  devices  and  a  three 
candlepowey,  24-28  volt  indicating  lamp  with  an  applied  voltage  source  of  28  +  1  tfolt, 
d.e.  Adjustable  switches  shall  be  adjusted  to  open  the  circuit  at  525  i  25  psi  duriig 
increasing  pressure.  The  pressure  shall  be  applied  gradually  from  zero  to  the  point 
at  which  the  circuit  through  the  lanp  load  is  opened.  Tl^  pressure  shall  be  reduced 
until  the  circuit  through  the  lamp  load  is  closed.  Record  the  pressures  that  open 
ar)d  close  the  switch.  The  closing  of  the  circuit  during  decreasing  pressure  shall  be 
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^>00  psi  below  the  recorded  prcccure  that  opened  the  circuit.  This  proced\ire  sliall 
be  repeated  for  adjustable  switclies  for  each  of  the  following  settings  +  25  psi: 

1,500  psi,  2,500  psi,  3,000  psi,  3^500  psi,  and  3,800  psi.  Non-ad justable  switches 
shall  be  tested  at  3^0OO  i  25  psi. 

4.6. 3*2  Signal  light  test  for  acceptance.-  The  pressure  switch  and  fluid  tempera¬ 
ture  shall  be  stabilised  at  95°  ±  15°F.  The  test  apparatus  sliall  he  per  4.6. 3.1. 
Adjustable  switches  shall  be  adjusted  to  tlie  setting  specified  in  the  procuring  docu- 
iiiont.  The  test  procedure  sliall  be  per  4. 6. 3.1,  eiccept  applied  hydraulic  pressure 
sliall  he  continuously  increased  to  4,000  psi  prior  to  decreasing  pressure.  Mon- 
adjustable  switches  shall  be  tested  at  3>600  ^  25  psi. 

4.6.4  Insulation  test.-  This  test  shall  ho  performed  after  the  pi’essure  switch 
lias  been  soaked  for  0  hours  at  an  ambient  temperature  of  650°F  or  Mgher.  The  test 
sliall  be  conducted  with  the  switch  at  a  tertiperature  of  650°F  or  more.  Pressure 

of  4000  psi  shall  he  applied  to  the  switch.  With  one  conductor  attached  to  the 
switch  body  and  one  to  a  terminal  a  potential  of  1000  volts  root  mean  square,  60  cycle, 
alternating  cixrrent,  shall  be  applied  for  one  minute.  At  the  end  of  this  period  the 
insulation  around  the  terminals  shall  be  examined.  The  insulation  shall  show  no 
evidence  of  cracldlng,  cliaring,  or  burning.  The  switch  shall  then  be  subjected  to 
siignal  light  test,  4.6. 3*1^  and  shall  meet  the  requirements  thereof. 

4.6.5  Shock  test.-  The  equipment  and  procedure  for  this  test  shall  be  as  specified 
in  Standard  MIL-STD-202,  tfetliod  202A.  The  pressure  switch  shall  be  installed  in  the 
test  housing  and  mounted  on  a  movable  carriage  assembly.  A  force  of  50  gravity  units 
shall  be  applied  in  the  direction  of  each  of  the  three  major  axes.  The  switch  shall 
then  be  subjected  to  the  signal  light  test,  4. 6. 3.1,  and  shall  meet  the  requirements 
thereof. 

4.6.6  Endurance  test.-  The  pressure  sv/itch  shall  experience  five  repetitions  of 
the  time-temperature  spectrum  shoim  in  Figure  1  while  it  is  endurance  cycled.  The 
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firrrb,  third,  and  fifth  spectrums  shall  begin  at  -65°P  vhile  the  secoiid  and  fourth 
repetitions  of  tlie  spectrum  slmll  begin  at  room  temperature.  The  switch  shall  be 
connected  to  a  source  of  direct  current  modubained  at  20  +  1  volts  with  the  lamp  load 
in  scr’ie:;  he'bweon  tlio  tr;o  tcrininodr..  V7ith  the  switch  setting  at  3^00  ^  25  poi  it 
shill  ue  oireriited  hy  incrc.v'.sing  the  pressure  from  licro  to  4,000  psi  and  then  decreasing 
the  p:rcssure  to  zero.  Thir:  sliLill  ho  repeated  for  50,000  cycles.  The  rate  of  pressure 
cycling  slrrll  be  25-2.6  cycles  per  minute  so  that  10,000  cycles  can  be  run  in  one 
tih  e-temperature  spectrum.  The  switch  slurll  then  be  subjected  to  the  signal  llglit 
test,  4. 6. 3.1,  cind  sluall  i.'eet  the  requirements  thereof. 

)|-.6.7  Immersion  test.-  Tire  pressure  switch  sliall  be  installed  in  a  test  Irousing 
and  the  hydmulic  pressure  port  sliall  be  plugged.  '.Ulie  switch  slrall  be  immersed  in 
a  hath  of  a  saturated  solution  of  sodirun  chloride  at  a  temperature  of  15P°  i  10®F.  The 
absolute  pi-essure  of  the  air  above  the  liquid  slrall  then  be  reduced  to  approximately 
1  inch  of  mercury  and  maintained  for  1  minute,  or  until  air  bubbles  substantially 
cease  to  be  given  off  by  the  liquid,  wliichever  is  longer.  The  absolute  pressure  slialL 
then  he  increased  to  2  l/2  inches  of  mercury.  Any  bubbles  coming  fi'om  within  the 
valve  shall  be  considered  as  Icaliage.  Lcalsrgo  sliall  be  cause  for  rejection.  Bubbles 
which  are  the  result  of  intrapped  air  on  tlie  various  erderior  parts  of  the  case  shall 
not  be  considered  as  a  leal;..  After  completion  of  the  immersion  test  the  switch  shall 
be  washed  in  clear  i/ater,  and  r.urface  moisture  sliall  be  removed  from  the  switch  by 
circulating  air  at  room  tcmixirature  or  wiping  with  a  clean,  dry  cloth,  or  both. 

V/ithin  30  minutes  after  removal  of  the  switch  from  the  immersion  toiik,  the  switch 
shall  be  tested  per  paragraph  4.6. 3. 1  and  shall  meet  tlie  requirements  thereof. 

4.6.8.  Vibration  test.-  The  following  steps  shall  be  followed  in  the  order  listed 
for  class  1  and  2  switches: 

(a)  Prior  to  this  test,  the  pressure  setting  of  adjustable  switches  shall  be 
adjusted  to  each  extreme  position  15  times  and  then  be  set  to  open  the  electrical 


FIGURE  1 
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conta,ctr;  'I'^OO  -j.-  ';.’be  ••■■.’itcl'  nhull  be  wired  in  ncrica.  v;ith  a  3  cancHc-power 

2):-2u  volt  indicatiir:;  lUrmp  ■'■nd  PP.  -j.-  1  volt  DC  cource  of  electricity.  The  fluid 
tciiipci-aturc  nhiill  bi-;  1  v!,i)ibained  .d.  i-  15*^F.  TJio  cv/itch  chall  then  be  cycled.  17~20 
cpr.i  b;/  I’i), icing  the  proennro  to  )|000  p.oi  and  then  reducing  the  prcscure  to  aero,  vniile 
the  rnn'.tch  is  being  cycled  in  this  ii’icinnex’  it  r.lvrll  lie  vibi-’atod.  Jn  a  horizontal  direction 
with.  t]v'  Creciuency  varyiixg  bet'’.;een  3  ''-nd  20on  cps  in  thi.i’by  (36)  minutes.  The  amplitude 
shall  he  .od  incli  (O.Ol'  inch  l^otal  excursion)  or  15  "c".s  whichever  is  limiting.  This 
tesi  rdiall  be  relocated  ti;o  ti^les  and.  during  thi:;  t  ime  the  frequency  of  any  and  all 
roson-'.nt  point.;  .sliall  !)e  nol.ed..  V.ibrate  the  sv/itch  for  ninety  (90)  inlnutes  at  the 
nost  critical  resonant  .Creqnoncy  noted  above  at  O.OO  inch  total  e.xcurGion  or  15  "e"» 
’,/hichover  i.s  i.oasb  severe.  If  no  resonant  frequency  is  noted  the  sxritch  sliall  be 
vibrated  at  500  cps  for  'JO  liiinuto.s.  The  r.i.gnal  light  sliall  indicate  the  rise  and 
drop  in  pressure  wlii-lc  vibrating  at  I’ososvuib  frcqt.icncy.  At  2,3  inlnuto  intervals  during 
this  90  minute  test  s,nd  at  a  frequency  10,.  w.ovc  or  below  the  natural  frcqv'.cncy,  a 
test-  sliall  be  made  to  assui-o  tlxit  the  setting  iirossuros  at  which  the  cont.''ctG  open 
-and  close  ai*c  within  blio  roquirod  limits,  mi,,-,  contacts  shal.l  open  with  increasing 
pressure  at  38OO  i  25  psl  -and  tlie  conbact;i  s-lrai  close  with  decreasing  pressure  bctwocni 
the  range  of  opening  i)res:;",iw  o.nd  opening  pi'osruro  iiinu.'!  'jOO  pi.ii.  After  the  90  minute 
test  and  while  the  switch  is  vihiaated  at  resonant  frequency  a  pressure  of  3900^^+000  psi 
.'.kill  be  applied  to  blui  switch.  The  r.witcli  f.ln.ll  posiscss  a  clo.sed  circuit  sensitiviiy 

o.f  not  more  tlian  ].0  i.iilli-s.ieonds  u.j  i:ieasuro<l  wibli  ".n  oscilliscope .  After  reducing 

pres-sure  to  zero  app.ly  a  pressure  of  2^100-2500  psi.  The  .switch  shall  possess  an  op®n 

circuit  sensitivity  of  not  moi’e  tlian  10  mill! seconds  while  being  vibi’atcd.  at  resonant 

frequency. 

(b)  The  procedt,ii’e  in  (a)  above  sliall  be  repcabed  with  the  direction  of 

o 

vibra/bion  clianged  00  horizontally. 

(c)  The  pi’ocodure  in  (.1.)  .),bove  sliall  be  repca.ted  wibli  the  direction  of  vibration 


clianged  to  vertical. 
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(d)  The  switch  shall  then  be  subjected  to  the  signo,l  light  test  of  4,6.3.1 
and  shall  meet  the  requirements  tliereof . 

4. 6. 9  Salt  spray  test.-  The  tost  cot  up  for  the  salt  spray  test  shall  he  In 
accordance  with  specification  Fodei*al  Test  Method  Standard  No.  151^.Ifcthod  Oil.  The 
componerri-,  shall  be  installed  in  the  test  housing  and  mounted  in  tlie  test  chamber 
with  the  hydraulic  port  plugged.  The  component  slmll  be  subjected  to  the  salt  spray 
not  less  than  200  hours.  At  the  conclusion  of  the  test  period,  salt  deposits  my  be 
removed  and  the  coiiponent  dried  for  6  hours  in  a  forced-draft  oven  at  appro:dmately 
135°F.  The  component  sliall  then  be  examined.  Deterioration  or  corrosion  which 
could  prevent  the  component  from  meeting  the  required  service  life  sliall  be  cause  for 
rejection.  The  component  sliall  then  be  subjected  to  and  shall  meet  tlie  tests  specified 

in  4. 6.3.1. 

4.6.10  Burst  pressure  test.-  Tlie  pressure  switch  and  fluid  sliall  be  stabilized 
at  room  temperature.  A  hyxh’aulic  pressure  of  10,000  psi  shall  be  applied  to  the 
pressure  switch.  There  slt',11  be  no  rupture  of  internal  or  external  parts  at  any 
pressure  below  10,000  psi. 

5.  PREPARATION  FOR  DELIVERY 

5.1;.  Preservation  and  packaging.-  Each  component  shall  be  filled  with  hydi-aulic 
fluid  conforming  to  I4IL-H-8446.  All  internal  surfaces  of  components,  eiccept  electrical 
part 9,  shall  be  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior 
to  sealing.  The  component  sliall  then  be  wrapped  or  bagged  in  grade  A  grease-proof 
paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape  conforming  to  Speci¬ 
fication  PPP-T-60.  Each  wrapped  component  shall  be  paclcaged  in  accordance  with  the 
manufacturer’s  commercial  practices. 

5*2  Marking  of  shipments.-  Interior  pac Images  and  interior  shipping  containers 

shall  be  marl^ed  in  accordance  with  Standard  MIL-STD-129,  and  shall  include  the  following 

Stock  No,  as  specified  in  the  purcliaoe  document 
Name  of  part 
1®  Part  No. 

Month  and  year  of  ruanufactui’e 
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.  NOTi'i.  - 

(,>.1  irui.-  prorjatiro  owitchco  covered  by  tMa  opacifieution  imi 

ihtcnclod  .ii’oi-  uec  in  u;i..vc;rti,.L’t  p-iul  Miocilo  liydraulic  nyetciiir.  covered  by  Cpocification 
IlIL-II-OHox,  and  opciwliin;;  v;ith  bydrimllc  fluid  conforiidn:^  to  Specification  MIL-H-044f: 
•',t  prcfjruu’cP  vhich  do  not  cncccd  4,000  pr'i.  'Die  prenaure  av?itch  is  further  intended 
.oi’  u:-.''  in  a  manifolded  or  paclxi,;”od  type  ay, atom. 

I-'. 2  Orderin,''  data.-  Procurement  document, a  nhould  opccify  the  follfn.'in.;'; 

(^)  Title,  number, and  date  of  tills  cpocification 

(b)  MS  pirt  muiibcr 

(c)  Fcdoi'al  stock  number 

(d)  Class  (and  iirossure  .sctt.in;;  i.r  cLa-so  1) 

'>.3  Qualification.-  Vlitli  respect  to  product.s  requirintj  qualification,  aim'ds 
nil],  bo  i.udo  only  for  such  products  as  liave,  prior  to  the  time  set-  for  openinn  bids, 
boon  tested  and  apiirovod  for  inclusion  in  the  applicable  0,u,aliricd  .Productf)  List 
uhelhcr  or  not  such  iiroducts  have  actually  been  so  listed  by  tliat  date.  The  attentio 
of  the  supiiliers  is  called  to  this  rcquirciiicnt,  and  manufacturers  are  ui'Cicd  to  ariwr' 
1,0  lave  the  products  tlvat  tlicy  pi’opooe  to  oTfci’  to  the  Federal  Government,  tested  for 
q"..lir.i c.ation,  in  order*  tkit  they  may  be  eligible  to  be  ai;arded  contracts  or  orders 
for  the  products  covered  by  bliis  specification.  The  activity  responsible  for  the 
'.'iualified  Products  List  is  tlic  .bureau  of  Ilaval  Weapons,  Navy  Deparbment,  Wasliimton 
2C,  D.  C.,  however,  infer. 'ation  p'jrtainiiv;  to  qu’',lifiaafcion  of  p3?od.uets  may  be 
a  .tained  froi,;  tiij  Co'  u.undti.  j  Officer,  W.  3.  IlaVil  Air.  Material  G.eator,  Ilaval  base. 


Philadelphia  12,  Pennrjylvania. 

IIOTICS;  \71ien  Government  drawinjs,  specifications, or  other  d;i,ta  .-.a'c  used 
for  any  piu*posc  other  tlian  in  coiiiiection  v/ith  a  definitely  related 
.'.lonb  pi.’ocui’emcnt  operation,  the  United  Gtates  GoverWiicrtt  Uisreby  tncuri.;  yio 
responsibility  nor  any  oblitjation  vliatsooverj  and  tlic  fact  tliut  tlie  tiovorn- 
iiient  may  have  formulated,  furnished,  or  any  vay  supplied  tte  said  .drawiiiGs, 
specifications,  or  other  data  is  not  to  be  re.'iur^jed  by  implication  o*r 
otheia?isG  as  in  any  manner  licensinG  the  holder  or  tuiy  otter  person  or 
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coj.'j:or'itj.on,  ov  eonvcyiiT;  ;>.ny  ri/^Jrtn  or 
(icl.l,  r\r/  iX', tented  invention  that  may  in 

Custodians : 

Nevy  -  Bureau  of  Naval  WoaiJons 


poi’i'danion  to  iiianufactux’o ,  use,  or 
any  way  ho  related  thereto. 

Preparing  Activity: 

Navy  -  Bureau  of  Naval  Vfeaponr, 


Air  Force 


APPENDIX  IV 

Suggested  MIL  Speclflcetlon  for  Thermal  Relief  Valve 
Suggested  MS  Standard  for  Thermal  Relief  Valve 
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P.A.  WAI/Y  liUWbl’b 

Other  Cust 

TITLE 

VALVE,  THERMAL  RELIEF 

)l,nfin  fa  I,  ni'F  TIT  STSTlti 

MILITARY  STANDARD 

MS 

PROCUREMENT  SPECIFICATION 

MJIr- 

SUPERSEDES; 

SHEET  ^  OF  2 

APPROVED  REVISED 


FED.  SUP  CLASS 


PART 

NUMBEK 

THREAD  "T" 

■ 

B 

♦  .000 
-.005 

c 

♦  .000 
-.001 

D 

♦  .000 
-.00? 

RATED 

FDOW 

0PM 

PRESSURE 

RANGE 

PQl 

WEIGHT 

MAX 

LBS 

1,00 

ngpi 

.10 

1000-2100 

.07 

^AViragHIJlNaBRi— 

i.o6 

hbsishI 

.10 

nttiliKRiTila 

•  10 

MS 

-3 

13/16-20UNEF-3A 

1.19 

.740 

.713 

.10 

■■ 

CAVm  FOR 
PART  NUMBER 

THREAD  **H'* 

E  DIA 

F  DIA 

0  DIA 
♦  .002 
,,000 

J  DIA 

MS  -1 

5/8-lfiUNF-3B 

1.10 

+  .001 
»il^3-,000 

.562 

♦.0081 

.5649., 0000 

MS  -? 

11/16-24NEF-3B 

1.16 

•90b_^000 

.593 

•0424-. 0000 

MS  -3 

13/lb-aajNEF-iB 

1.29 

1.031*-'^ 

^  -.000 

.710 

♦.0070 

•7584...  ,,00 

DEIML  RESUIRElffitras 


TEMPERATURE  LULITS 

PRESSURE 

FLUID 

SEA1£ 

LIFE 

PRESSURE  WOP 


FLUID  AND  ♦6!)0°F  AMBIENT  MAXIUJM.  VALVE  SHALL  FUNCTION  AT  -6b“F. 
OPERATINO  UOOO  P8I,  PROOF  COOO,  BURST  10,000  PSI 
SPECIFICATION  HIL-H-eUlt6. 

SPECIFICATION  MIL- 

SEE  SPECIFICATION  MIL-  FOR  ENDURANCE. 

ADJUSTABLE  BETWEEN  THESE  UMITS  AT  FLOW  OF  0.10  OPMi 


MS  -1 

MS  -2 

MS  -3 


1000-2100  PSI 
2100-4100  PSI 
UlOO-5500  PSI 


MATERIAL!  SEE  SPBCIFICATIOH  MIL- 

FINISH!  SEE  SPECIFICATION  MIL- 

MACHINE  FINISHES!  SEAUNQ  SURFACES  (NOTED  BI  SYMBOL  A  )  SHALL  BE  16/  RHE.  ALL  OTHHl  SURFACES  125/  RHR  UNLESS 
OTHERWISE  NOTED. 

TOUaiAHOES!  THE  SEALING  SURFACES  OF  DIAMETERS  "A"  AND  "D"  SHALL  BE  PARAUilL  TO  EACH  OTHER  WITHIN  .002  FIR 
AND  PERPENDICUIAR  TO  THRE.AD  “T"  (AXIS)  WITTIIN  .003  FIB.  THE  SEALIIIO  SURFACES  OF  DIAMETERS  "F"  AND  "G" 
SHALL  BE  PARALLEL  TO  EACH  OTHER  WITHIN  .002  FIB  AND  PERPENDICUIAR  TO  THREAD  "H"  (AXIS)  WITHIN  .003  FIR. 
SURFACE  DEFINED  BY  "B"  DIAFffiTER  SHALL  BE  PERPENDICULAR  TO  THREAD  "H"  AXIS  WITHIN  .OOIB. 

LINEAB  TOIERANCE!  i.Ol  INCH  UNLESS  OTHERWISE  NOTED. 

ANOUUR  TOIERANCE!  +2°  UNLESS  OTHERWISE  NOTED. 

THIS  VALVE  IS  INTENDED  FOR  INSTALLATION  IN  A  MANIFOLD  OR  HOUSING  FOR  USE  IN  TYPE  III  HYDRAULIC  SYSTEFB  WITHIN 
THE  LIMITS  SPECIFIED  HEREIN  AND  BY  SPECIFICATION  MIL-  .  THE  MS  -1  IS  NORMALLY  USED  IN  A  1500 

PSI  SYSTEM}  THE  MS  -2  IH  A  3000  PSI  SYSTEM}  AND  THE  MS  -3  IN  A  HOOO  PSI  SYSTEM. 

SEALING  SURFACES  ARE  DENOTED  BY  SYMBOL  A  . 

THREADS  SHALL  CONFORM  TO  SPECIFICATION  HIL-S-77U2. 

THE  MS  PART  HUMBER,  THE  WORDS,  "THERMAL  RELIEF  VALVE”,  THE  MANUFACTURER'S  NAlffi  OR  TRADEMARK,  AND  THE 

MANUFACTURER'S  PART  NUMBER  SHALL  BE  PERMANENTLY  HARKED  OH  THE  HEX  AHD/OH  FLANGE  SO  THAT  THE  MARKING  IS 
VISIBLE  WHEN  THE  VALVE  IS  INSTALLED. 


P.A.  NAVI  &l^JER3 

Other  Cust 

TITLE 

VALVE,  THERMAL  RELIEF 

1(,000  PSI,  TYPE  III  SYSTEM 

MILITARY  STANDARD 

MS 

PROCUREMENT  SPECIFICATION 
MIL- 

SUPERSEDES: 

SHEET  2  OF  2 

APPROVED  REVISED 


IGLITARY  SPECIFICATION 
VALVE!  AIRCRAFT  HVDRAULIC  THERMAL  RELIEP 
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1.  riCOEE 


1.1  This  specification  covers  cartridge -type,  modular  hydraulic,  thermal 
G.xpansion  relief  valves,  for  use  in  Type  III  aircraft  hydraulic  systems  conform¬ 
ing  to  Specification  MIL-H-8891* 


1.2  Classification.-  Thermal  relief  valves  shall  be  of  the  following  classes; 

Class  1  -  1000  to  2100  psi  (Pressure  at  0.1  gpm  flow^ 

Class  2  -  2100  to  4l00  psi  (pressure  at  0,1  gpm  flow) 

Class  3  “  4l00  to  5500  psi  (Pressure  at  0.1  gpm  flow) 


2.  APPLICABLE  DOCUMENTS 


2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation 
for  bids,  form  a  part  of  this  specification  to  the  extent  specified  herein. 
SPECIFICATIONS 


Federal 

PPP-T-60  Tape,  Pressure  Sensitive  Adliesive,  Wateiproof 


Military 


MIL-B-121 
MIL- 1-6866 
MIL- 1-6868 
.MIL-H-6875 
MIL-S-77^2 
MIL-H-8446 
MIL-H-8891 

MIL-D-70327 


Barrier  Material,  Greaseproof,  Flexible,  Waterproof 

Inspection,  Penetrant  Method  of 

Inspection,  Process,  r4agnetlc  Particle 

Heat  Treatment  of  Steels,  (Aircraft  Practice)  For 

Screw  Threads,  Standard,  Aeronautical 

Hydraulic  Fluid,  Nonpetroieum  Base,  Aircraft 

Hydraulic  Systems,  Type  III;  Design,  Installation,  Tests  and 

Data  Requirements,  General  Specification  for 

Drawings,  Engineering  and  Associated  Lists 


Standai’ds 


ML-STD-10  Surface  Roughness,  Waviness  and  lay 
MIL-STD-I29  Marking  for  Shipment  and  Storage 
MIL-STD-143  Specifications  and  Standards,  Use  of 
14S-33540  Safety  Wiring  -  General  Practices  for 
M3-20995  V/ire-Lock 

Drawing 


14S- 
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2*2  Other  publications*-*  Where  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2  •I*  they  shall  be  selected  in  order  of  precedence 
set  forth  in  MlL-STD-liiS*  Where  contractor  material  and  process  specifications 
are '  permitted  under  HIL-STD«lli3».’  they  shall  contain  provisions  for  adequate  teat** 
and  inspection* 

3*-  REQUIREMENTS 

3*1  Qualification**  The  thermal  relief  valve  furnished  under  this  specification 
ishall  be  a  product  i-;hich  has  been  tested  and  passed  the  qualification  tests  specified 
herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicable  qualified 
products  list* 

3.2  Materials  and  processes.-  Materials  and  processes  used  in'  the  manufacture 
of  these  valves  shall  conform  to  the  follovjlng  requirements  and  to  the  applicable 
specifications  as  defined  in  Section  2* 

3*2*1  Metals*-  All  metals  shall  be  compatible  with  the  fluid  and  intended 
temperature,  functional,  service,  and  storage  conditions  to  which  the  components 
will  be  exposed.  The  metaJ  s  shall  be  of  a  corrosion-resisting  type  or  shall  be 
adequately  protected  to  resist  corrosion  during  the  normal  service  life  of  the 
valve  which  may  result  from  such  conditions  as  dissimilar  metal  combinations, 
moisture,  salt  spray,  and  high-temperature  deterioration,,  as  applicabl9.  Copper, 
and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the  pro¬ 
curing  agenqjr* 

Ferrous  alleys  shall  have  a  chromium  content  of  not  less  than  12  percent  or 
shall  be  suitably  protected  against  corrosion*  In  addition,  cadmium  and  zinc 

shall  not  be  used  for  internal  parts  or  on  internal  surfaces  in  contact 
vi^  l^draullc  fluid  or  exposed  to  its  vapors* 

3*2o2  Sub-zero  stabilization  of  steel*-  Close-fitting,  sliding,  steel  parts 
shall  be  cold  stabilized  in  accordance  vJith  Specification  MIIi-H-6875  to  reduce 
warpage  tendencies* 
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3.2.3  Plastic  parts.-  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  procuring  activity  for  each  application. 

3.3  Parts.-  Standard  parts  selected  in  accordance  with  section  2  shall  be 
used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  Identified 

on  the  drawing  by  their  part  numbers.  Commercial  utility  parts  such  as 
screws,  bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess 
suitable  properties  and  are  replaceable  by  approved  standard  parts  without 
alteration  and  provided  the  approved  standard  part  is  referenced  in  the  parts 
list  and,  if  practicable,  on  the  manufacturer's  drawings. 

3.^  Design  and  construction. 

3.4.1  Envelope.-  The  external  configuration,  dimensions j  and  other 
details  of  the  design  shall  conform  to  the  requirements  of  this  specification  and 
MS- 

3.4.2  Hydraulic  fluid.-  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range.-  The  valves  shall  be  designed  to  meet  the 
fimctlonal  and  operational  requirements  of  this  specification  throughout  a 
fluid  temperature  range  of  -65°F  to  450®F  and  an  ambient  temperature  range 

of  -65’F  to  650‘’F.  There  shall  be  no  evidence  of  external  leakage  or'  chatter 
when  tested  per  4. 6. 3. 3* 

3.4.4  Threads.-  Only  class  three,  straight  threads  conforming  to  Specification 
MIL-S-T742  shall  be  xxsed. 

3.4.5  Seals.-  Seals  shall  be  of  metallic  construction  and  shall  be . 
approved  by  the  procuring  agency. 

3.4.6  Safetylng.-  Threaded  parts  shall  be  positively  locked  or 
safetied  by  safety-wiring,  self -locking  nuts,  or  other  approved  methods. 

Safety-wire  shall  be  applied  in  accordance  with  standard  drawings  MS-33540 
and  MS-20995. 


1/Stfttg 
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3.IJ-.7  detainer  "ijigs.-  Except  where  they  are  positively  fetiqlftBd 
j?rom  being  dialodged  from  their  grooves,  retainer  or  snap  rings  shall 
not  be  used  ift  hydraulic  equipment  where  failure  of  the  ring  will  allow 
blow  apart  or  Jamming  of  the  valves. 

3.4.8  Structural  strength.-  The  valves  shall  have  sufficient  strength 
to  withstand  all  ccmibinatlons  of  loads  resulting  from  hydraulic  pressure, 
temperature  variations,  and  Installation. 

3.4.9  Weight.-  Ihe  weight  shall  be  kept  to  a  minimum  consistent  with 
good  design,  and  shall  be  specified  on  the  applicable  drawing, 

3.4*10  Mounting  position.-  The  valves  shall  satisfy  the  performance 
requirements  when  mounted  In  any  position. 

3.4.11  Flow  control.-  The  valves  shall  be  designed  to  pass  rated  flow 
per  1.2  frofn  Inlet  port  to  outlet.  Flow  shall  be  checked  or  blocked 

from  outlet  to  inlet  port# . 

3.4.12  Surface  roughness.-  Surface  roughness  finishes  shall  be 
established  and  shall  be  specified  on  ^he  manufacttirer 's  assembly  drawings 
a 6  outlined  in  MIL-STD-10. 

3.5  Interchangeability 

3.5.1  Manufacturer's  parts.-  All  parts  having  the  same  manufacturer's 
part  nvanber  shall  be  directly  and  cranpletely  interchangeable  with  each 

other  with  respect  to  Installation  and  performance.  Changes  in  manufactvirer ' s 
part  numbers  shall  he  govemedd  by  the  drawing  number  requirements  of 
Specification  MIL-D-70327.  Subassemblies,  composed  of  selected  mating  components, 
must  be  interchangeable  as  assembled  units,  and  shall  be  so  Indicated  on  the 
manufacturer's  drawings.  The  individual  components  of  such  assembled  vmits  need 
not  be  interchangeable . 

3.5.2  Maintainability.-  Modular  valves  shall  be  self-contained  ctxnponents 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another 
housing  without  any  detail  dieassembly,  readjustment  of  setting,  or  impairment  of 


function. 


4- 
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3*6  Identification.-  Each  valve  shall  ?  the  identifying  markings 
placed  on  the  hex-head  or  the  flange  so  that  the  identification  can  he 
read  when  the  valve  is  installed  in  the  manifold  cavity.  Each  valve 
shall  be  perrtanently  and  legibly  marked  wi^h  the  following  information  per 

Valve,  lliennal  Relief 
MS- 

Mahufacturer's  Part  Number 
Manufacturer's  Name  or  'Erademark 

In  addition,  the  pressure  setting  shall  be  stamped  into  a  metal  teg  which 
is  attached  to  the  safety-wire  securing  the  adjustment  or  adjustment  cover. 

3.7  Workmanship 

3.7.1  Quality.-  Workmanship  shall  be  of  sufficiently  high  quality  to  insure 
satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise  extreme 
care  in  fabricating,  assembling,  handling,  and  packaging  valves  to  assrar©  that  the 
components  are  clean  and  free  of  contamination.  All  parts  shall  be  free  from  pits, 
rust,  scrapes,  splits,  cracks,  burrs,  and  sharp  edges. 

3.7*2  Physical  defect  inspection.-  All  magnetizable  highly  stressed 
parts  shall  be  subjected  to  magnetic  inspection  per  Specification  MIL-I-6868, 

9 

Clicks  or  other  injurious  defects  disclosed  by  the  inspection  shall  be 
cause  for  rejection.  All  non-magnetizable  highly  stressed  parts  shall  be 
subjected  to  fluorescent  penetrant  inspection  per  Specification  ltIL-I-6866, 

Cracks  or  other  injurious  defects  disclosed  by  the  inspection  shall  be  cause 
for  rejection. 

3.8  performance 

3.8.1  iteted  flow  and  operating  pressures.-  Class  1,  2,  and  3  valves  rated 
flow  and  operating  pressures  shall  be  per  Table  I,  when  tested  per  4,6.3.  Rated 
flow  pressures  shall  be  the  differential  pressures  measvired  across  class  1,  2, 
and  3  valves  when  the  valves  are  by-passing  O.IGPM. 
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3.8.2  Proof  pressureB.-  Class  1,  2,  and  3  valves  proof  presswes  shall 
be  per  Table  I  and  there  shall  be  no  evidence  of  external  leakage,  fallwe 

or  permanent  set  whan  tested  per  4.6,2. 

3.8.3  Burst  pressures.-  Class  1,  2,  and  3  valves  burst  pressures  shall 
be  per  Table  I  and  the  valves  shall  not  burst  at  any  pressure  below  those 
specified  when  tested  per  4.6.6. 


TABLE  I 


THERMAL  RELIEF  VALVE  RATED  PLCW  AND  PRESSURES 


THERMAL 

RELIEF 

VALVES 

RATED 

FLOW 

GIM 

HYDRAULIC 
SYS.  RATED 
PRESSURE 
PSI 

ADJUSTABLE 

PRESSURE 

SETTING 

MIN.  ALLOWABLE 
RESEAT 

PRESSURE,  nsi 

OPERATING 
PRESSURE 
■  RANGE 
psi 

PROOF 

PRESSURE 

psi 

BURST 
PRESSURE 
MIN.  psi 

RANG 

B 

AT  MIN. 
psi 

SETTING 

AT  MAX. 
psi 

SETTING 

MIN. 

psi 

MAX. 

psi 

CUSS 

I 

VALVES 

B 

1,500 

1,000 

2,100 

820 

1,720 

0-2,100 

2,250 

3,750 

CUSS 

.2 

VALVES 

0.1 

3,000 

2,100 

4,100 

1720 

3,360 

0-4,100 

4,500 

7,500 

CUSS 
.  3 

VALVES 

B 

4,000 

4,100 

5,500 

3360 

4,500 

0-5,500 

6,000 

10,000 

■^.8.4  Pressure  adjiistment.-  C3nss  1,  2,  and  3  valves  shall  be  adjustable 
to  cover  the  pressiure  ranges  specified  in  Table  1.  PreBs\n’e  adjustment  screws 
shall  be  so  designed  and  constructed  that  they  may  be  looked  to  prevent  loosening 
under  vibration.  The  locking  method  shall  be  approved  by  the  procuring  activity. 
It  shall  bo  possible  to  adjust  the  locking  device  with  a  standard  wrench  or 
screw  driver,  when  tested  per  4,6,3. 
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3.8.5  Reverse  flow.-  Class  1,  2,  and  3  valves  shall  have  the  flow  checked 
or  blocked  In  the  reverse  direction  when  tested  par  U.6.2. 

3.8.6  Static  cracking  pressures.-  Static  cracking  pressures  shall  be  the 
minimum  pressures  at  which  fluid  is  passed  through  class  1,  2,  and  3  valves  at 
the  rate  of  0.1  cc  (approximately  2  drops)  per  minute  during  the  application  of 
increasing  pressures  supplied  by  a  hand  pump,  when  tested  per  4.6.3. 

3.8.7  Dynamic  cracking  pressures.-  Dynamic  cracking  pressures  shall  be  the 
minimum  pressures  at  which  fluid  is  passed  through  class  1,  2,  and  3  valves  at 
the  rate  of  5  cc  (approximately  lOOdrops)  per  minute  during  the  application  of 
increasing  pressures  supplied  by  a  power-driven  pump,  when  tested  per  4.6,3* 

3.8.8  Reseat  pressures.-  Reseat  pressures  shall  be  the  pressures  at  which 
fluid  is  passed  through  class  1,  2,  and  3  valves  at  a  rate  of  1.5  cc  (approximately 
30  drops)  per  minute  during  the  application  of  decreasing  pressures  supplied  by  a 
power  driven  pimip.  The  reseat  pressures  shall  not  be  less  than  82  percent  of  the 
rated  flow  pressure  setting  per  Table  I,  when  tested  per  4.6.3. 

3.8.9  Static  leakage.-  Static  leakage  rate  for  class  1,  2,  and  3  valves 
shall  not  exceed  0.5  cc  (approximately  10  drops)  per  hour,  when  tested  per  4.6.3. 

3.8.10  Dynamic  leakage 

* 

3.8.10.1  Leakage  during  decreasing. pressvire.-  The  rate  of  Internal  leakage  for 
ci^ss  1,  2,  and  3  valves  at  any  pressure  below  the  reseat  pressure,  during 
decreasing  pressure,  shall  not  exceed  O.5  cc  per  minute,  when  tested  per  4.6.3. 

3.8.10.2  Leakage  during  inc.rea8ing  pressure.-  The  rate  of  internal 
leakage  for  class  1,  2,  and  3  valves  at  any  pressure  below  the  cracking  pressure, 
during  Increasing  pressure,  shall  not  exceed  0.5  cc  per  minute,  when  tested  per 

4.6.3. 

3.8.11  Endurance.-  After  10,000  cycles  of  operation,  class  1,  2,  and  3 
valves,  static  leakage  rate  shall  not  exceed  1.0  cc  (approximately  20  drops)  per 
hour  and  the  dynamic  leakage  rate  shall  not  exceed  1.0  cc(approximately  20  drops) 
per  minute,  when  tested  per  4.6.4. 
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3*8*12  Vibration*-  Class  1,  2,  and  3  valves  shall  be  capable  of  satisfactory 
operation  after  being  subjected  to  vibration  varying  between  5  and  2^000  qps, 
at  an  anqplitude  of  0*0li  inch  (0*08  inch  total  excursi.on)  or  1$  ”^g*s'’  whichever  is 
limiting*  Static  leakage  shall  not  exceed  1*0  cc  (approximately  20  drqps)  per 
hour  and  dynamic  leakage  shall  not  exceed  1*0  cc  (approximately  20  drops)  per 
minute^  when  tested  per  U*6*5* 

!♦*-  QUALITY  ASSURiiKCE  PROVISK^S 

ii*l  Inspection  responsibility.*-  The  manufacturer  is  re^onsible  for  the 
performance  of  all  inspection  requirements  prior  to  submission  for  Government 
inspection  and  acceptance*  Except  as  otherwise  specif ied»  the  manufacturer  may 
Utilize  his  own  facilities  or  aiy  commercial  ICboratory  acceptable  to  the  Govern¬ 
ment*  Inspection  records  of  the  examinations  and  tests  shall  be  kept  conplete 
and  available  to  the  Government  as  specified  in  the  contract  or  order* 

li*2  Classification  of  teats  -  The  inspection  and  testing  of  thermal  relief 
valves  shall  be  classified  as  follows: 

(a)  Qualification  tests 

(b)  Acceptance  tests 
li*3  Qualification  tests 
1(*3*1  Sanpling  instructions 

t|*3*l*l  Samples  of  thermal  relief  valves  for  qualification  tests  shall 
consist  of  one  specimen  of  each  class  valve  upon  which  qualification  is  desired* 
1{*3«1*2  The  specimen  shall  be  assembled  of  parts  which  conform  to  manu¬ 
facturer's  drawings* 

lt*3«l«3  The  manufacturer  shall  provide  calculations  i^owing  that  adequate 
clearance  of  moving  parts  is  provided  at  -6^0F  and  using  the  most  adverse 

dimensions*  The  room  teirperature  reference  point  shall  be  70°F* 
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h.'i.2  Qmliflcatlon  tests  -  The  qualification  tests  shall  consist  of  the 
follW'Ting  tests  which  shall  be  conducted  in  the  order  listed.  All  tests  are 
described  under  h,6  of  this  specification. 

A.  Examination  of  product  per  U.6.1. 

B.  Proof  Pressure  per 

C.  Static  Leakage  per  U.6.3.I 

D.  Dynamic  Leakage  and  Flow  per  *4^. 6. 3. 2. 

E.  Extreme  Temperatuire  Operation  per  U.6.3.3 

F.  Endurance  per  U.6.4. 

G.  Vibration  per  4.6.5. 

H.  Burst  Pressure  per  4.6.6. 

4.4  Acceptance  tests  -  Acceptance  tests  shall  be  performed  on  individual 
valves  or  lots  which  have  been  submitted  under  contract  to  determine  conformance 
of  the  products  or  lots  with  requirements  set  forth  in  this  specification  prior  to 
acceptance.  Each  valve  shall  be  subjected  to  the  following  tests: 

A.  Examination  of  Product  per  4.6.1 

B.  Proof  Pressiure  per 

C.  Static  Leakage  per  4.6.3. !• 

4.5  Test  conditions 

4.5.1  Test  fluid.-  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  temperature  -  If  the  fluid  temperature  is  not  otherwise  specified 
for  a  given  test,  it  shall  be  95±15®F  for  that  particular  test.  The  outlet  fluid 
temperature  shall  be  specified,  and  the  inlet  fluid  temperature  may  be  reduced  to 
compensate  for  heat  generation.  The  fluid  temperature  shall  be  measured  as  near  as 
practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component  shall  be 
bled  of  air  and  inert  g^s  and  maintained  full  of  fluid. 

4.5.3  Contamination.-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  shall  be  added  throx)igh  the  reservoir  of  the  test  set-up 
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before  start  of  qt^allficatlon  tests.  The  reservoir  shall  incorporate  a  mixer 
or  shall  be  externally  excited  so  as  to  keep  the  contaminant  continuously  agitated 
or  mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  per 
three  gallons  system  fluid  capacity  has  been  introduced.  The  test  dust  shall  be 
apportioned  as  follows: 

Size  of  particle  Percent  by  weight  of  total 

0  to  5  micron  39  t  2 

5  to  10  micron  l8  +  3 

10  to  20  micron  l6  ±  3 

20  to  4o  micron  18+3 

over  4o  micron  9+3 

4.5.4  Filtration.-  The  test  fluid  shall  be  contlnuoiisly  filtered  through  a 
filter  which  has  a  maxiraxan  opening  that  does  not  exceed  25  microns.  The  filter  and 
element  used  shall  be  satisfactory  for  the  temperature  range  encountered,  and 
cleaned  or  changed  regularly  to  prevent  clogging. 

4.5.5  Test  housing 

4,5.5.!  Qualification  test  housing.-  All  tests  in  4.3.2  shall  be  conducted  in 

« 

a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the  cavity.  The  tes 
housing  shall  be  acceptable  to  the  procuring  agency. 

4. 5. 5.2  Acceptance  test  housing.-  The  tests  in  4,4  may  be  conducted  in  the 
qualification  test  housing  or  in  a  housing  having  any  other  external  configuration. 
4.6  Test  methods, 

4.6.1  Examination  of  product. <»i»  Each  valve  shall  be  carefully  examined  to 
determine  conformance  with  the  requirements  of  this  specification  for  wei^t, 
workmanship,  marking,  conformance  of  dimensions  to  applicable  drawings,  and  for  any 

visible  defects.  The  determination  of  surface  finish  shall  be  made  with  a 

■  1  ' 

profilaneter,  comparator  brush  analyzer,  or  equally  suitable  comparison  equipment 
with  an  accuracy  of  ±5  micro-inches  at  the  level  being  measui^d. 
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U.6.2  Proof  pressure  test.-  After  bleeding  all  air  from  the  valve,  and  plugging 
the  outlet  port,  a  proof  pressure  of  2250  psl  for  the  Class  1  valve,  *1-500  psi  for 
the  Class  2,  and  6OOO  psi  for  the  Class  3  valve  shall  be  applied  at  the  pressure 
port  for  at  least  2  minutes.  Rate  of  pressure  application  shall  not  exceed  25,000 
psi  per  minute.  Any  evidence  of  external  leakage,  failure,  or  permanent  set,  shall 
be  cause  for  rejection.  This  test  shall  be  repeated  with  the  pressure  port  open 
and  pressure  applied  to  the  outlet  port.  The  proof  pressure  test  shall  be  performed 
at  95*15’’?  for  acceptance  tests  and  450*15”?  for  qualification  tests. 

4.6.3  Valve  setting.-  The  tests  described  herein,  under  Static  leakage.  Dynamic 
leakage  and  flow,  and  Extreme  temperature  operation  shall  be  conducted  with  the 
valve ladjusted  to  deliver  rated  flow  at  the  minimum  pressure  setting  indicated  in 
Table  I,  and  the  setting  shall  remain  unaltered  throiighout  the  series  of  tests.  G3ie  ' 
valve  shall  then  be  adjusted  to  deliver  rated  flow  at  the  maximum  pressure  setting 
indicated  in  Table  I  and  the  series  of  tests  repeated.  The  adjustment  of  the  va^ve 
shall  remain  unaltered  throughout  this  series  of  tests.  Static  cracking,  dynamic 
cracking  and  reseat  pressures  shall  be  determined  for  each  rated  flow  pressurO 
setting  in  conjunction  with  the  above  adjustments  or  during  the  performance  of  the 
static  and  dynamic  leakage  tests. 

4. 6. 3.1  Static  leakage.-  The  valve  shall  be  adjusted  to  deliver  rated  flow 
at  the  minimum  pressure  setting  indicated  in  Thble  I,  Pressure  shall  be  applied 
by  maans  of  a  hand  pirnip  until  cracking  pressure  is  determined.  This  cracking 
pressure  shall  be  recorded.  Pressure  shall  then  be  reduced  to  zero.  For 
qualification  tests,  pressure  shall  be  applied  to  the  valve  beginning  from  a  value 
of  approximately  50^  of  the  pressure  setting  to  95fo  of  the  cracking  pressure  in 
increments  not  exceeding  lOfo  of  the  pressure  setting.  For  acceptance  tests,  pressure 
shall  be  increased  from  zero  pressure  to  95?&  of  cracking  pressure  without  using 
increments.  At  each  increment  the  pressure  shall  be  maintained  constant  for  at 
least  eight  minutes.  The  leakage  rate,  as  noted  diu-ing  the  final  six  minutes  of  each 
test,  shall  not  exceed  0.5  cc  -(approximately  10  drops)  per  hour.  A  typical 
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installation  for  the  static  leakage  test  is  indicated  in  Figure  1* 

4. 6. 3. 2  Dynamic  leakage  and  flow.-  Pressure  shall  be  applied  to  the  valve 
by  mePas  of  a  power-driven  pump  until  cracking  pressure  is  determined.  This 
value  shall  be  recorded,  Presstire  shall  then  be  increased  until  rated  flow  is 
measured.  At  rated  flow,  pressure  shall  not  be  greater  than  specified  in  Table  I. 
Pressure  shall  then  be  reduced  until  the  reseating  pressure  is  determined 

and  this  value  shall  not  be  less  than  the  value  listed  in  Table  I.  The  valve  shall 
reseat  within  two  minutes  after  reseating  pressure  is  reached.  Pressure  shall 
then  be  reduced  in  increments  not  exceeding  lOfo  of  the  pressure  setting  to  a 
vdlue  of  approximately  50^  of  the  valve  setting.  By-passing  of  fluid  at  any 
pressure  below  the  reseating  pressxire  during  decreasing  pressure  shall  not  exceed 
0.5  cc  (approximately  10  drops)  per  minute.  Pressure  shall  next  be  applied  from 
a  value  of  approximately  50fo  of  the  pressure  setting  to  9'y^o  of  the  cracking 
pressure  just  determined  in  increments  not  exceeding  10?^  of  the  pressure  settings. 
At  each  increment,  pressure  shall  be  maintained  constant  for  3  minutes  with  the 
pump  operating  continuously.  The  internal  leakage  in  the  third  minute  shall  be 
noted  and  shall  be  considered  the  rate  of  internal  leakage.  By-passing  of  fluid 
at  any  pressure  below  the  dynamic  cracking  pressure  during  increasing  7)ressure 
shall  not  exceed  0,5  cc  (approximately  10  drops)  per  minute.  There  shall  be  no 
external  leakage  or  chatter  during  these  tests .  A  typical  set-up  for  this  test 
is  shown  in  Figure  1. 

4. 6. 3. 3  Extreme  temperature  operation. 

4. 6. 3. 3.1  Low  temperature  and  rapid  warm-up,-  The  valve  and  fluid  shall  be 
soaked  at  -65‘’F  for  eight  hoirrs  iBiBiraUg4t.  At  the  end  of  this  period  and  with 
fluid  at  -65®F  the  rated  flow  pressure  and  reseat  pressure  shall  be  determined 
and  recorded.  The  valve  shall  then  be  allowed  to  warm  up  rapidly  to  -20'’F  and 
with  the  fluid  temperature  held  at  -20^  the  rated  flow  pressure  and  reseat 
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pressure  shall  be  determined.  The  reseat  pressure  shall  not  be  less  than  the 
value  specified  In  TJable  I.  The  valve  shall  then  be  allotred  to  warm  up  rapidly 
and  a  minimum  of  five  checks  for  static  cracking  pressure  and  reseating  pressure 
shall  be  conducted  at  apprOKiraately  equal  intervals  before  the  valve  warms  up 
to  room  temperature.  The  reseat  pressure  shall  not  be  less  than  the  value 
specified  in  Table  I.  Rated  flow  pressure  shall  be  checked  at  room  tempera tiire 
(95±15“F)  and  shall  not  exceed  the  limits  listed  in  Table  1.  There  shall  be 
no  evidence  of  external  leakage  or  chatter  during  these  tests. 

4. 6. 3. 3. 2  High  temperature  operation.-  The  temperature  of  the  valve  and  fluid 
shall  be  stabilized  at  450°F.  The  test  for  Dynamic  leakage  and  flow  (paragraph 
4.6.'3i^hall  then  be  conducted  at  this  temperature.  Operation  shall  be  within 
the  limits  specified  for  dynamic  leakage  and  flow  at  normal  temperature.  Leakage 
may  be  measured  by  noting  a  fluid  level  change  through  a  sight  glass. 

4.6.4  Endurance.-  A  typical  set-up  for  the  endurance  test  is  shown  in 
Figure  2.  The  endurance  test  shall  be  conducted  while  the  valve  undergoes  a 
time -tempera  t\Jire  spectrum  as  shcnra  in  Figure  3*  This  spectrum  shall  be  repeated 
two  times.  The  valve  shall  be  cycled  during  this  test  by  increasing  pressure 
to  produce  rated  flow  at  the  maxiram  pressure  setting  specified  in  Ihble  I,  and 
decreasing  pressure  to  60^,  or  less,  of  this  pressure  setting  for  10,000  cycles. 

The  rate  of  cycling  shall  be  approximately  13  cycles  per  minute.  After  completion 
of  the  endurance  cycling  and  with  the  valve  settirg  unchanged,  static  and 
dynamic  leakage  shall  be  determined  (paragraphs;  4.6. and’  4. 6. 3.2  ^„Sta.tic 
leakage  shall  not  exceed  1.0  cc  (approximately  20  drops)  per  hour.  Dynamic 
leakage  shall  not  exceed  1.0  cc  (approximately  20  drops)  per  minute. 
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4.6.5  Vibration  test 

a.  If  friction  locking  type  adjtistinent  screws  are  utilizod  in  tbe 
valve  design,  such  adjustment  screws  shall  be  adjusted  through  full  range  15 
tiniss  prior  to  starting  the  vibration  tests.  With  the  valve  set  at  the  maximum 
setting  specified  in  Table  I,  it  shall  be  checked  for  rated  flow  pressure  and 
reseat  pressure  and  shall  be  within  the  limit  specified  in  Table  I.  Tliese 
values  shall  be  recorded. 

b.  With  the  fluid  temperature  maintained  at  95±15°P  the  valve  ^ball 
be  opened  to  produce  rated  flow  at  naximvan  pressure  setting  specified  in 

Table  I,  and  then  closed  under  a  60^  reduction  in  pressure.  The  rate  of  cycling 
shall  be  between  10  and  20  cycles  per  minute,  W^jile  the  valve  is  being  cycled 
in  this  manner  it  shall  be  vibrated  in  a  horizontal  directirai  vrith  the  frequency 
varying  between  5  end  2000  cps  in  30  minutes.  The  amplitude  shall  be  .04  inch 
( .08  inch  total  excursion)  or  15G  whichever  is  limiting.  This  test  slmill  be 
repeated  two  times  and  dxxring  this  time  the  frequency  of  any  and  all  resonant  . 
points  shall  be  noted.  Vibrate  the  valve  for  90  minutes  at  the  most  severe 
resonant  frequency  noted  above  at  .08  inch  total  excursion  or  15G  whichever  is 
leas  severe.  If  no  resonant  frequency  is  found  the  valve  shall  be  vibrated  at 
500  cps  for  90  minutes.  After  completion  of  the  90  minutes,  the  valve  shall  be 
checked  for  reseat  pressure  while  the  valve  is  vibrating  at  a  frequency  equal 
to  the  most  severe  resonant  frequency  plus  Vyjo  and  again  at  a  frequency  equal 
to  the  most  severe  resonant  frequency  minus  lO/o.  The  reseat  pressure  shall 
not  be  less  than  the  reseating  pressure  limit  specified  in  Table  J, 

c.  Repeat  (b)  changing  the  direction  of  vibration  90®  horizontally, 

d<  Repeat  (b)  changing  the  direction  of  vibration  to  vertical, 

e.  After  completion  of  (b),  (c),  and  (d)  the  valve  stall  be  checked 
for  rated  flow  pressure  and  reseat  pressure  and  these  values  shall  be  within  the 
range  specified  in  Table  I.  Static  and  dynamic  leakage  shall  also  be  determined 
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(reference  i4-.6i3«l  and  4.6t3*8)«  Static  leakage  shall  not  exceed  1.0  cc  (approximately 
20  drops)  per  hour.  Dynamic  leakage  shall  not  exceed  1.0  cc  (approximately  20 
drops)  per  minute. 

f.  The  valve  shall  then  he  removed  from  the  manifold  and  visually 
inspected  for  any  mechanical  failures, 

4.6.6  Burst . pressure . “  Pressure  shall  he  applied  to  the  pressure  port  with 
outlet  port  plugged.  The  pressure  shall  he  applied  at  a  rate  not  exceeding  25,000 
psi  per  minite  until  a  pressure  of  3,750  psi  is  reached  on  the  Class  1  valve,  7,500 
on  the  Class  2  valve  and  10,000  psi  on  a  Class  3  valve.  The  valve  shall  withstand 
the  specified  pressure  for  2  minutes  without  rupture.  Fluid  temperature  shall  he 
95il5°F  for  this  test.  This  test  shall  he  repeated  with  the  pressure  port  plugged 
and  pressvire  applied  to  the  check-^d  flow  port. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  packaging.-  Each  component  shall  he  filled  with 
hydratdic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of  components  shall 
he  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior  to  sealing. 

The  component  shall  then  he  wrapped  or  bagged  in  grade  A  grease-proof  paper  conforming 
to  Specification  MIL-B-121  and  sealed  with  tape  conforming  to  Specification  PPP-T-60. 
Each  wrapped  component  shall  he  packaged  in  accordance  with  the  manufacturer's 
commercial  practices. 

5.2  Marking  of  snlpments.-  Interior  packages  and  exterior  shipping  containers 
shall  he  marked  in  accordance  with  Standard  MIL-STD-129>  and  shall  include  the 
following : 

Stock  No.  as  specified  in  the  purchase  document 
Name  of  i;art 
MS  part  rio. 

Month  and  year  of  manufacture 
Class  or  size 

6.  NOTES 

6.1  Intended  use.-  The  thermal  relief  valves  covered  hy  this  specification 

are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  hy 

Specification  MIL-H-889I  and  operating  with  hydraulic  fluid  conforming  to  Specification 
MIL-H-8446.  The  valve  is  further  intended  for  use  in  a  manifolded  or  packaged  type  syste 
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6.2  Ord'iring  data  -  Procurement  documents  should  specify  the  following; 


(a)  Title,  nranber,  and  date  of  this  specification 
(h)  MS  part  number 

(c)  Class 

(d)  Federal  stock  number 

(e)  Pressure  setting 

6.3  Qualification.-  With  respect  to  products  requiring  qualification,  awards 
will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for  opening 
bids,  been  tested  and  approved  for  inclusion  in  the  applicable  Qualified  Products 
List  whether  or  not  such  products  have  actually  been  so  listed  by  that  date.  The 
attention  of  the  suppliers  is  called  to  this  requirement,  and  manufactuowfi  are 
urged  to  arrange  to  have  the  products  that  they  propose  to  offer  to  the  Federal 
Government  tested  for  qualification  in  order  that  they  may  be  eligible  to  be 
awarded  contracts  or  orders  for  the  products  covered  by  this  specification.  The 
activity  responsible  for  the  Qualified  Products  List  is  the  Bureau  of  Naval  Weapons, 
Navy  Department,  Washington  25,  D.  C.,  however,  information  pertaining 
to  qualification  of  products  may  be  obtained  from  the  Commanding  Officer,  U.  S. 

Naval  Air  Material  Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE;  When  Government  drawings,  specifications,  or  other  data  -are  used 

for  any  purpose  other  than  in  connection  with  a  definitely  related 
Governnent  prociiirement  operation,  the  United  States  Government  thereby 
incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the 
fact  that  the  Government  may  have  formulated,  furnished,  or  any 
way  supplied  the  said  drawings,  specifications,  or  other  data  is  not 
to  be  regarded  by  Implication  or  otherwise  as  in  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufactxire,  use,  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto. 

Custodians;  Preparing  activity; 

Navy  -  Birreau  of  Naval  Weapons  Navy  -  Bxrreau  of  Naval  Weapons 

Air  Force 


Test  Block 
Thermal  Relief 
Valve 


Page  IT  of 

■This  line  must  "be  full  of  fluid  to  check  leakage 


Return  flow  Control  Valve 


Plow  Meter 
System  Relief 


Px^saure  loading  valve  must  not  ro strict  flow 
to  less  than  rateU  flow  required  in  test  valve. 


Pump 
(Jheck  valves 


land 


FIGURE  1 

Typical  for  Bynande  Leakage  and  Flow  TeSi 
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FIGURE  2 

I'ypical  Set-Up  for  Endurance  Test 


NOTES:  1.  Rate  of  temperature  rise 
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FIGURE  3 
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DETAIL  REQUIRBt4ENTS 

TEMPERATURE  LIMITS  -  +1150°?  FUJID  AJiD  +650°F  AMBIENT  MWCIWJM.  VALVE  SHALL  FUNCTION  AT  -65°F. 

PRESSURE  .  0PE31ATIN0  UOOO  PSI,  PROOF  6000  P8I,  BURST  10,000  PSI. 

FLUID  .  SPECIFICATION  MIL-H-8UU6. 

SEALS  -  SPECIFICATION  {4IL- 

LIFE  •  SEE  SPECIFICATION  MIL-  FOR  ENDURAljCE. 

PRESSURE  DROP  •  NOT  TO  EXCEED  25  PSI  AT  RATED  FLOW. 

MATERIAL:  SEE  SPECIFICATION  MIL- 

FINISH:  SEE  SPECIFICATION  MIL- 

MACHINE  FUUSHES:  SEALING  SURFACES  (NOTED  BY  SYMBOL  ▲)  SHALL  BE  16/  RHR  OR  LESS.  ALL  OTHER 
SURFACES  SHALL  UE  1^  RHR  MAXIMUM  UNLESS  OTHEIMISE  NOTiiD,  ^ 

TOLbANCES:  THE  THREE  SEALING  SURFACES  ON  THE  VALVE  SHALL  BE' PARALLEL  WITHIN  .002  FIR  AND  PERPENDICULAR  TO 
AXIS  OF  VALVE  THREAD  WITHIN  .003  FIR.  THE  THREE  SEAUNG  SURFACES  OF  THE  CAVITY  SHALL  BE  PARALLEL  WITHIN 
.002  FIR  AfiD  PERPENDICULAR  TO  THE  AXIS  OF  THE  CAVITY  THREAD  WITHIN  .003  FIR* 

LII^EAR  TOLERANCE:  t.OI  INCH  U14LESS  OTHERWISE  NOTED. 

AI^QULAR  TOLERAT^CE:  +2^  UNLESS  OTHERWISE  NOTED. 

THIS  VALVE  IS  INTENDED  FOR  IHSTAUATIOH  IN  A  MANIFOLD  OB  HOUSING  FOB  USE  IN  UOOO  PSI,  TYPE  III  HYDRAULIC 
SYSTEMS  WITHIN  TUB  LII4ITS  SPECIFIED  HQIEIN  AND  BY  SPECIFICATION  MIL- 

SEAL  SURFACES  ARE  DENOTED  BY  THE  SYMBOL 

THREADS  SHALL  CONFORM  TO  SPECIFICATION  MIL-S-77^2. 

THE  MS  PART  IflJMDER,  THE  WORDS  "SIEUTTLB  VALVE”,  THE  MANUFACTURER'S  NAME  OR  TRADEMARK  AI^D  THE  MAIHJFACTURER’S 
PART  NUI4BER  SHALL  BE  PERMANENTLY  MARKED  ON  THE  HEX  liEAD  OR  THE  FLANGE  SURFACES  80  THAT  THE  MARKINO  IS 
VISIBLE  WHEN  THE  VALVE  IS  INSTALLED. 
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1.  SCOPE 


1.1  Scope.-  This  specification  covers  cartridge -type  modular 
hydraulic  shuttle  valves  for  use  in  Type  III  aircraft  hydraulic  systems 
conforming  to  Specification  MIL-H-889I. 

1.2  Classification.-  Shuttle  valves  shall  he  of  the  following .claasea: 
Glass  1  -  0  to  U  gallons  per  minute  capacity 

Class  2  -  0  to  12  gallons  per  minute  capacity 
Class  3  -  0  to  25  gallons  i)er  minute  capacity 
2.  APPLICABLE  DOCUBMTNS. 


2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation 
for  bids,  form  a  part  of  this  specification: 

SPECIFICATIONS 

Federal 


PPP-T-60 

Military 

MIL-B-121 

MIL-I-6866 

MIL-I-68^8 

MIL-H-6875 

MIL-S-77^2 

MIL-M-7911 

MIL-H-8t46 

MIL-H-8891 

MIL-D-70327 

Standards 

MIL-STD-10 
MILr:STD-129 
MIL-STD-130 
MS -3351^0 

MS-20995 


Drawings 


Tape,  Pressure  Sensitive  Adhesive,  Waterproof 


Barrier  Material,  Greaseproofed,  Flexible  Waterproofed 

Inspection,  Penetrant  Method  of 

Inspection  Process,  Magnetic  Particle 

Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 

Screw  Threads,  Standard,  Aeronautical 

Marking,  Identification  of  Aeronautical  Equipment,  Assemblies 
and  Parts 

Hydraulic  Fluid,  Non -petroleum  Base,  Aircraft 
Hydraulic  Systems,  Typie  III,  Design,  Installation,  Tests  and 
Data  Requirements,  Aircraft,  General  Specification  For 
Drawings,  Engineering  and  Associated  Lists 


Surface  Roti^ness,.  Waviness  and  Lay 
Marking  for  Shipment  and  Storage 
Specifications  and  Standards,  Use  of 
Safety  Wiring,  General  Practices  For 
Wire-Lock 


MS  - 


Shuttle  Valve,  Modular,  Envelope  For 
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2.2  Other  publications.-  Where  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2,1,  they  shall  be  selected  in  the  order  of 
precedence  set  forth  in  MIL-STD-143.  Where  contractor  material  and  process 
specifications  are  permitted  under  MIL-STD-143,  they  shall  contain  provisions 
for  adecjuate  tests  and  inspection. 

3.  REQUIREMENTS 

3.1  Qualification.-  The  shuttle  valve  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  passed  the  qualification 

tests  specified  herein  and  has  been  listed  on,  or  approved  for  listing  on,  the 
applicable  qualified  products  list. 

3.2  Materials  and  processes.-  J'fetei'ialu  and  processes  used  in  the 

I 

manufacture . of  these  valves  shall  conform  to  the  following  requirements  and 

to  applicable  specifications  as  defined  in  Section  2: 

3.2.1  Metals.-  All  metals  shall  be  compatible  with  the  fluid  and  Intended 

temperature,  functional,  service,  and  storage  conditions  to  which  the  components  will 

be  exposed.  The  metals  shall  be  of  a  corrosion  resisting  type  or  shall  be  adeqiiately 

protected  to  resist  corrosion  during  the  normal  service  life  of  the  valve  which  may 

result  from  such  conditions  as  dissimilar  metal  corabinatlons,  moisture,  salt  spray, 

and  hi^-temperature  deterioration,  as  applicable.  Copper,  alumlniim,  and  magnesium 

alloys  shall  b^  used  only  with  the  approval  of  the  procuring  agency.  Ferrous  alloys 

shall  have  a  chromium  content  of  not  less  than  12  percent  or  shall  be  suitably  protected 

against  corrosion.  In  addition,  cadmixun  and  zinc  platings  shall  not  be  used  for 

* 

Internal  parts  or  on  internal  surfaces  in  contact  with  hydraulic  fluid  or 
exposed  to  Its  vapors. 
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3.2.2  Sub-zero  stabilization  of  steel.-  Close-fitting,  sliding  steel 
parts  shall  be  cold  stabilized  in  accordance  with  specification  MIL-H-6875B 
to  reduce  warpage  tendencies. 

3.2.3  Plastic  parts.-  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  procuring  activity  for  each  application. 

3.3  Parts,-  Standard  parts  selected'in  accordance  with  Section  2  shall 
be  used  wherever  they  are  suitable  for  the  p\arpose,  and  shall,  be  identified 
on  the  drawing  by  their  part  numbers.  Ccsrmerclal  utility  parts,  such  as 

screws,  bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration 
and  provided  the  approved  standard  part  is  referenced  in  the  parts  list  and, • 
if  practicable,  on  the  contractor's  drawings. 

3.4^  Design  and  construction 

3.^,1  Envelope,-  Ihe  external  configuration,  dimensions,  and  other  details 

'of  the  design  shall  conform  to  the  requirements  of  this  specification,  MS _ 

and  applicable  drawings, 

3. 4-. 2  Hydraulic  fluid.-  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8h46. 

3.4.3  Temperature  range.-  The  valves  shall  be  desired  to  meet  the 
functional  and  operational  requirements  of  this  specification  throughout  a 
range  of  -65“?  to  450*F  fluid  temperature  and  -65*F  to  650“F  ambient  temperature. 

3.4.4  Threads.-  Only  class  3  threads  conforralng  to  Specification 

t 

MIL-S-7742  shall  be  used, 

3.4.5  Seals.-  Seals  shall  be  of  metallic  construction  and  shall  be 
approved  by  the  procuring  agency. 
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3-^.6  Safetyingv-  Threadred  parts  shall  be  positively ’Iwitasl  nor  safetled, 
by  safety-wlraajgj  self-locicing  nuts.,  -or  'dtiier  approved  methods^  ''Safety  wire 
!dhaim.  »be  BOTtUfea  tin  a-coinr.aBiuffi fStandard  Drawings  MS-33540  and  MS-20995. 

3.4.7  'Retainer  rings.-  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap'rings  shall  not  be  used 
in  hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or 
jamming  of  the  valve. 

3.4.8  Structural  strength.-  The  valves  shall  have  sufficient  strength 
to  withstand  all  COTiblnatlons  of  loads  resulting  from  hydraulic  pressure, 
temperature  variations,  and  installation. 

3.4.9  Weight.-  .The  weight  shall  be  kept  to  a  minimum  consistent  with 
good  design,  and  shall  be  as  specified  on  the  applicable  drawing. 

3.4.10  Mounting  position.-  The  valves  shall  satisfy  the  performance 
requirements  when  mounted  in  any  position. 

3. 4. 11  Flow  control.-  The  valves  shall  be  designed  to  pass  rated  flow 
per  1.2  from  either  inlet  port  to  a  common  outlet  port  and  from  outlet  .port 
to  either  inlet  port. 

3.4.12  Surface  roughness.-  Surf ace. roughness  finishes  shall  be  established 
and  shall  be  specified  on  the  manufacturer’s  assembly  drawings  as  outlined 

in  MIL-STD-10. 

3 >5  Interchangeability 

* 

3.5.1  Manufacturer's  parts,.-  All  parts  having  the  same  manufacturer's  part 
,  number  shall  be  directly  and  completely  interchangeable  with  each  other  with 
respect  to  installation  and  performance.  Changes  in  manufacturer's  part  numbers 
shall  be  governed  by  the  drawing  number  requirements  of  Specification  MIL-D-70327. 
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Subassemblies,  composed  of  selected  mating  components,  must  be  interchangeable 
as  assembled  units,  and  shall  be  so  indicated  on  the  manufacturer's  drawings. 
The  individual  components  of  such  assembled  units  need  not  be  interchangeable. 

3.5*2  Maintainability.-  Modular  valves  shall  be  self-contained 
components  such  that  a  valve  may  be  removed  from  one  housing  and  Inserted 

f  * 

into  another  without  any  detail  disassembly,  readjustment  of  setting,  or 
impairment,  of  function. 

3.6  Identification.-  Each  valve  shall  have  the  Identifying  markings 
placed  on  the  hex  head  or  the  flange  so  that  the  identification  can  be  read 
when  the  valve  is  installed  in  a  manifold  cavity.  Each  valve  shall  be 
permanently  and  legibly  marked  with  the  following  information,  per  MIL-M-7911* 
Valve,  Shuttle 
MS  No. 

Manufactvirer's  Part  no. 

•  Manufact\irer’s  Name ’or  Trademark 

in  addition,  the  pressure  setting  shall  be  stamped  into  a  metal  tag  which 
is  attached  to  the  safety  wire  secwing  the  adjustment  or'  adjustment  cover. 

1 

3i7  Workmanship 

3.7.1  Quality.-  Workmanship  shall  be  of  sufficiently  high  qtiality  to 
insure  satisfactory  operation  and  service  life.  The  manufacturer,  shall  exercise 
extreme  care  in  fabricating,  assembling,  handling,  and  packaging  valves  to 

I 

assure  that  the  components  are  clean  and  free  of  contaminant.  All  parts 
shall  be  free  from  pits,  rust,  scrapes,  splits,  cracks,  burrs,  and  sharp  edges. 

3.7.2  Physical  defect  inspection.-  All  magnetizable  highly  stressed  parts 
shall  be  subjected  to  magnetic  inspection  in  accordance  with  Specification 

I 

MIL-I-6868.  Cracks  Or  other  injurious  defects  disclosed  by  the  Inspection 
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shall  be'  cause  for  rejection.  All  non -magnetizable  highly  stressed  parts 
shall  be  subjected  to  fluorescent  penetrant  inspection  in  accordance  with 
Specification  MIL-I-6866.  Cracks  or  other  injurious  defects  disclosed  by 
the  inspection  shall  be  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  Pressure.-  The  valves  shall  be  designed  to  operate 
satisfactorily  in  a  hydraulic  sjrstem  having  a  rated  pressure  of  l^,000  psi, 
when  tested  per  4.6.3'. 

3.8.2  Operating  pressure.-  The  valves  shall  be  designed  to  insure 
satisfactory  operation  and  service  life  throughout  the  operating  range 
of  O'to  4,000  psi,  when  tested  per  4.6.3.  The  -values  shall  be' capable' of 
operation  at  6,000  psi. 

3.8.3  Proof  pressure..-  The  valves  shall  be  designed  to  withstand 
a  proof  pressxire  of  6,000  psi,  when  tested  per  4.6.2. 

3.8.4  Burst  pressure.-  The  valves  shall  be  designed  so  as  not  to 
burst  at  any  pressiore  below  10,000  psi,  when  tested  per  4,6.12. 

3.8.5  Leakage  and  shuttling  with  fluid 

3. 8. 5.1  Qualification 

a.  Shuttling  pressxire  range  -  The  fluid  pressiire  range  at  which 
the  -valves  shuttle  shall  not  be  less  than  25  psi  nor  more 
than  100  psi,  when  tested  per  4, 6. 3.1. 

b.  Dynamic  leakage  during  shuttling  -  The  internal  leakage  of  the 
■valves  during  a  single  shuttle  operation  shall  not  exceed  3cc, 
when  tested  per  4.6.3.‘l. 


I 
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c.  Static  leakage  after  acutatlon  -  The  interhal  static  leakage  of 
the  valves  shall.not  exceed  l/U  cc  at  5  psi  and  there  shall  he  no 
leakage  at  4,000  psi,  when  tested  per  4. 6. 3.1. 

d.  External  leakage  -  The  valves  shall  show  no  evidence  of  external 

* 

leakage,  when  tested  per  4. 6. 3.1. 

3, 8. 5. 2  Accep'ince  -  The  valves  shall  meet  the  requirements  of  paragraph 
3. 8. 5.1,  except  that  the  static  leakage  of  the  valves  at  5  Psi  shall  not  exceed  one 
drop,  when  tested  per  4. 6. 3. 2. 

3.8.6  Air  pressure  shuttling  and  leakage 

3. 8. 6.1  Dynamic  leakage.-  The  internal  air  leakage  through  a  single 
shuttle  operation  of  the  valves  shall  not  exceed  3  cc  at  100  psi,  when  tested 
per  4.6.4. 

3. 8. 6. 2  Static  leakage.-  The  internal  air  leakage  of  the  valves  shall 
not  exceed  10  cubic  inches  at  15  psi  and  at  4,000  psi,  when  tested  per  4.6.4. 

3.8.7  Extreme  temperature  performance. 

3. 8. 7.1  Low  temperature  -  The  valves  shall  meet  the  requirements  of 
paragraph  3*8«5»2,  when  tested  per  4. 6. 5-1. 

3. 8. 7. 2  Rapid  warm-up.-  The  valves  shall  meet  the  requirements  of 
:i^ragraph  3.8.5.2  during  rapid  warm-up,  when  tested  per  4. 6. 5. 2. 

3. 8. 7. 3  High  temperature  functioning.-  The  valves  shall  meet  the 

« 

requirements  of  paragraph  3*8. 5«2,  when  tested  per  4. 6. 5. 3* 

3.8.8  Impulse  cycling.-  The  valves  shall  meet  the  requirements  of 
paragraph  3.8. 5.2  after  15,000  high  temperature  impulse  cycles  at  35+5  cpm 
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and  after  5>000  intermediate  temperature  cycles  at  35*5  cpm,  when  tested 

per  4.6.6.  In  addition,  during  the  test  the  internal  leakage  shall  not  exceed 

2  cc  for  each  100  impulse  cycles  and  there  shall  be  no  raeasur-able  external  leakage. 

3.8.9  Endurance  cycling.-  The  valves  shall  meet  the  requirements  of 
paragraph  3*8. 5*2  after  being  subjected  to  2,000  cycles  of  shuttling  at  5  to  6 
cpm,  when  tested  per  h.S.'J,  except  that  internal  static  leakage  at  5  psi 
shall  not  exceed  3  drops. 

3.8.10  Shuttling  against  a  dosed  line.-  The  pressure  drop  of  the  valves 
from  inlet  through  outlet  shall  not  exceed  25  psi  after  shuttling  against  a 
closed  line,  when  tested  per  4.6.8. 

3.8.11  Surge  flow  shuttling.-  Tlie  valves  shall  show  no  evidence  of 
malfunctioning  or  damage  after  20  cycles  of  4,000  psi  surge-flov;  shuttling, 
when  tested  per  4.6.9. 

3.8.12  Pressure  drop  of  the  valves  vrlthout  housings.-  The  pressure  drop 
of  the  valves  without  housings  shall  not  exceed  25  psi  in  both  directions,  when 
tested  per  4.6.10.  The  pressure  drop  for  the  valve  module  only  shall  be  the 
difference  in  the  pressure  drop  for  the  valve  correctly  installed  in  .the  test 
housing  and  the  pressure  drop  for  the  housing  with  the  valve  removed  and  the 
corresponding  cavity  plugged. 

3.8.13  Vibration.-  The  valves  shall  be  capable  of  withstanding  vibrations 
from  5  to  2,000  cps  with  an  amplitude  of  0.04  inch  (0.08  inch  total  excursion)  or 
15  g  ,  whichever  is  limiting,  along  three  mutually  perpendicular  axes,  when 
tested  per  4.6.11.  After  the  test,  'the  valves  shall  meet  the  requirements  of 
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paragraph  3*8-5-2,  except  that  the  internal  static  leakage  rate  shall  not 
exceed  3  drops. 

3.8.1h  Reverse  flow  unseating'.-  During  reverse  flovr,  the  valves  shall  not 
unseat  and  the  internal  leakage  shall  not  exceed  10  drops  per  minute,  when 
tested  per  4.6.13. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility.-  The  manufacturer  is  responsible  for  the 
performance  of  all  accep-tance  tests  prior  to  submission  for  Oovernment  inspection 
and  accep'tance.  Except  as  otherwise  specified,  the  manufacturer  may  utilize  his 
own  facilities  or  any  commercial  laboratory  acceptable  to  the  Government. 
Inspection  records  of  the  examinations  and  tests  shall  be  kept  complete  and 
available  to  the  Government  as  specified  in'  the  contract  or  order. 

4.2  Classification  of  tests.-  The  inspection  and  testing  of  shuttle  valves 
shall  be  classified  as  follows; 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests 

4.3.1  Sampling  instructions 

4. 3. 1.1  Samples  of  shuttle  -valves  for  qixalificationi  tests  shall  consist  of 
one  specimen  of  each  class  valve  upop  which  qualification  is  desired. 

'4. 3. 1.2  The  specimen  shall  be  assembled  of  parts  which  conform  to 

t 

manufacturer ' s  drawings . 

4.3. 1.3  The  manufacturer  shall  ijrovide  calculations  showing  that  adeqioate 
clearance  of  moving  parts  is  provided  at  -65®F  and  450“F,  using  the  most 
adverse  dimensions.  The  room  temperature  reference  point  shall  be  70®F. 
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4.3.2  Tests.-  The  qualification  tests  shall  consist  of  the  following 
tests  which  shall  be  conducted  in  the  order  listed.  All  tests  are  described 
under  4.6  of  this  specification. 

(a)  Examination  of  product  per  4.6.1. 

(b)  Proof  pressure  per  4.6.2. 

(c)  Leakage  and  shuttling  with  fluid  per  4.6.3. 

(d)  Reverse  flow  unseating  per  4.6.13. 

(e)  Air  pressure  shuttling  and  leakage  per  4.6.4. 

(f)  Extreme  temperature  performance  per  4.6.5. 

(g)  Impulse  cycling  per  4.6.6. 

(h)  Endurance  per  4.6; 7* 

(i)  Shuttling  against  a  closed  line  per  4.6.8. 

(j)  Surge  flow  shuttling  per  4.6.9. 

(k)  Pressure  drop  per  4.6.10. 

(l)  Vibration  per  4.6.11. 

(m)  Burst  pressure  per  4.6.12. 

4.4  Acceptance  tests.-  Acceptance  tests  shall  be  performed  on  individual 
valves  or  lots  wfilch  have  been  submitted  under  contract  to  determine  conformance 
of  the  products  or  lota  with  requirements  set  forth  in  this  specification  prior  • 
to  acceptance.  Each  valve  shall  be  subjected  to  the  following  tests; 

(a')  Examination  of  product  per  4.6.1. 

(b)  Proof  pressure  per  4.6.2. 

(c)  Leakage  and  shuttling  with  fluid  per  4.6.3. 

(d)  Reverse  flow  unseating  per  4.6.13. 
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4.5  Test  .conditions 

4.5.1  Test  fluid.-  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  temperature.-  If  the  fluid  temperature  is  not  otherwise  specified 
for  a  given  test,  it  shall  be  95±15°  for  that  particular  test.  The  outlet  fluid, 
temperature  shall  be  specified,  and  the  inlet  fluid  temperature  my  be  reduced  to 
compensate  for  heat  generation.  The  fluid  temperatwe  shall  be ‘measured  as  near 

as  practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component  shall 
be  bled  of  air  and  inert  gas  and  maintained  full  of  fluid. 

4.5.3  Contamination.-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixtiire  shall  be  added  through  the  reservoir  of  the  test  set-up 
before  St&rt  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer 
or  sfiall  be  externally  excited  so  as  to  keep  the  contaminant  continuously 
agitated  or  mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram 
of  dust  per  three  gallons 'system  fluid  capacity  has  been  introduced.  The 
test  dust  shall  be  apportioned  as  follows : 

Size  of  Particle  Percent  by  Weight  of  Total 


0  to  5  micron 

39  i  2 

5  to  10  micron 

18  +  3 

10  to  20 'micron 

16  +  3 

20  to  40  micron 

18  +  3 

over  40  micron 

943 

4.5.4  Filtration;-  The  test  fluid  shall  be  continuously  filtered 
through  a  filter  which  has  a  mximum  opening  that  does  not  exceed  25  microns. 
The  filter  and  element  used  shall  be  satisfactory  for  the  temperature  range 
encountered,  and  cleaned  or  changed  regularly  to  prevent  clogging. 
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4.5.5  Test  housing 

4. 5. 5.1  Qualification  test  housing.-  All  tests  in  4.3«2  shall  be 
conducted  in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow 
the  cavity  and  which  is  acceptable  to  the  procuring  agency. 

4. 5. 5.2  Acceptance  test  housing.-  The  tests  in  4.4  may  be  conducted  in  the 
qualification  test  housing  or  in  a  housing  having  any  other  extei'nal  configuration 

4.6  Test  methods. 

4.6.1  Examination  of  product.-  Each  valve  shall  be  carefully  examined 
to  determine  conformance  with  the  requirements  of  this  specification  for 
workmanship,  marking,  conformance  to  applicable  drawings,  or  for  any  visible 
defects.  The  determination  of  surface  finish  shall  be  made  with  a  profilometer, 
comparator  brush  analyzer,  or  equally  suitable  comparison  equipment  with  an 
accuracy  of  ±  5  micro-inches  at  the  level  being  measured. 

4.6.2  Proof  pressure  test.-  Pressure  shall  be  applied  to  each  inlet  port 
while  the  opposite  inlet  pov'  is  open  to  the  atmosphere,  at  a  rate  not  exceeding 
25,000  psi  per  minute  unti.'  000  psi  is  reached.  This  proof  pressure  shall  be 
held  for  at  least  two  minutes,  and  there  shall  be  no  evidence  of  lealcage, 
permanent  set,  or  other  damage.  The  shuttle  valve  shall  be  filled  with  fluid 
and  stabilized  at  450+15‘’F  for  qualification  test  only.  For  acceptance  tests, 
proof  pressure  tests  shall  be  conducted  at  95±15'’F. 

4.6.3  Leakage  and  shuttling  with  fluid. 

4. 6. 3.1  Qualification  Test  for  Leakage  and  Shuttling  With  Fluid.-  This 
test  shall  be  performed  with  a  test  set-vp  similar  to  Figure  1.  This  test  shall 
be  conducted  with  a  fluid  temiKrature  of  95tl5'’F.  The  outlet  port  shall  be 
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plugged,  and  the  valve  so  po;.  .tioned  that  the  unconnected  inlet  port  is  down 
and  open  to  the  atmosphere.  With  the  system  bled  of  air,  the  pump  and  needle 
valve  shall  be  operated  until  the  valve  shuttles  at  a  flow  rate  not  exceeding 
10  cubic  inches  per  minute.  Leakage  through  a  single  shuttling  operation  shall 
not  exceed  3  cc.  The  pressure  for  shuttling  shall  be  observed  and  shall  be  not 
less  than  25  psi,  nor  greater  than  100  psi.  A  pressure  of  5  psi  shall  then  be 
applied  to  the  valve  for  a  period  of  32  minutes.  Leakage  in  a  30  minute  period, 
following  a  2  minute  seating  period,  shall  not  exceed  l/4  cc.  The  pressure  shall 
then  be  raised  to  4000  psi  and  there  shall  be  no  lealcage  in  a  30  minute  period 
following  a  two  minute  seating  time.  The  above  test  shall  be  repeated  with 
the  inlet  ports  interchanged.  There  shall  be  no  evidence  of  external  leakage. 

4. 6. 3. 2  Acceptance  test  for  leakage  and  shuttling  with  fluid,-  This  shall 
be  conducted  with  a  test  set-up  similar  to  Figure  1,  The  test  block  shall  be  so 
positioned,  with  the  outlet  port  plugged,  that  the  unconnected  inlet  port  is 
down  and  open  to  the  atmosphere.  Then  with  the  system  bled  of  air,  the  pump  and 
needle  valve  shall  be  operated  until  the  valve  shuttles  at  a  flow  rate  not 
exceeding  10  cubic  inches  per  minute.  Leakage  through  a  single  shuttle  operation 
shall  not  exceed  3  cc.  The  shuttling  pressure  shall  be  observed  and  shall  be  not 
less  than  25  psi,  nor  greater  than  100  psi.  A  pressure  of  5  Psi  shall  then  be 
applied  to  the  valve  for  a  period  of  8  minutes,  and  the  leakage  observed  during 
the  final  6  minutes  (after  a  2  minute  seating  period)  shall  not  exceed  one  drop. 
The  pressure  shall  be  raised  to  rated  pressure,  and  there  shall  be  no  leakage 
when  measiired  over  a  period  of  not  less  than  5  minutes.  The  leakage  measurement 
period  shall  begin  3  minutes  after  application  of  the  pressure,  to  allow  the 
valve  to  seat.  The  valve  shall  also  meet  the  above' test  requirements  with  the 
inlet  ports  interchanged.  The  fluid  temperature  shall  be  95°tl5'’F.  There  shall 
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be  no  evidence  of  external  leakage  from  the  valve. 

4.6.U  Air  pressure  snuttling  and  leakage.-  This  test  shall  be  performed 
at  a  temperature  of  95*15“?.  The  set-up  shall  be  as  shovrn  in  Figure  2.  The 
shuttle  valve  shall  be  wet  internally,  but  not  filled  with  hydraulic  fluid. 

With  the  air  pressure  reducing  valve  set  at  100  psi,  and  shut  off  valve  "A" 
closed,  the  quick-opening  type  valve  "B"  shall  be  opened,  and  the  valve  shall 
shuttle  satisfactorily.  Leakage  of  air  post  the  shuttle  valve  piston,  as 
collected  in  the  graduate,  shall  not  exceed  10  cubic  inches  of  free  air 
per  shuttling  cycle.  V/ithout  further  shuttling,  the  air  pressure  shall  then 
be  adjusted  to  15  psi,  and  the  leakage  shall  not  exceed  10  cubic  inches  of  free  air 
per  minute.  Pressure  shall  then  be  raised  to  1|000  psi,  and  the  leakage  shall  not 
exceed  10  cubic  inches  of  free  air  per  minute.  Nitrogen  may  be  used  in  place  of 
air  if  desired.  This  test  shall  be  repeated  with  air  pressure  applied  to  the 
other  inlet  port. 

4.6.5  Extreme  temperature  performance. 

4. 6. 5.1  Low -temperature  functioning.-  V/ith  a  test  set-up  similar  to 
Figure  the  temperature  shall  be  maintained  at  not  warmer  than  -65°F  for  a 
saaking  period  of  4  hours.  After  this  period,  the  valve  shall  be  shuttled  at 
least  five  times  by  means  of  the  hand  pump.  After  the  fifth  actuation,  the 
shuttling  pressure  and  leakage  shall  then  be  observed  and  recorded.  This  test  shall 
be  repeated  with  the  temperature  not  warmer  than  -20°F.  The  shuttling  pressure 
and  leakage  shall  be  as  specified  in  4. 6. 3. 2.  The  shuttle  may  be  manmlly  reset 
between  pressure  shuttlings. 
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4. 6. 5. 2  Rapid  warm-up.-  The  low  temperature  test  set-up  shall  be  allowed 
to  warm-up  rapidly  to  a  temperature  of  450°F.  While  the  temperature  is  being 
raised  and  without  waiting  for  the  temperature  to  stabilize  throughout  the 
set-up,  the  valve  shall  be  shuttled  at  approxini;,fte].y  05°F  increments  of  ambient 
tc>mi)crature,  and  the  shuttling  pressure  and.  lealoag-  (  Intemal)  shall  be  as 
specified  in  4. 6. 3. 2  titled  Leakage  and  f'huttling  VJith  ITuid. 

4. 6. 5. 3  High  temperature  functioning.-  With  a  test  set-up  similar  to 
Figure  3)  the  shuttle  valve  shall  be  subjected  to  an  oil  and  ambient  temperature 
of  )i50°P.  The  v?ilve  shall  then  be  shuttled  at  least  five  times  by  means 

of  a  hand  pump.  After  the  fifth  actuation,  the  shuttling  pre3S;ure  and  leakage 
shall  then  be  observed  and  shall  be  as  specified  in  4. 6. 3. 2  titled  "Leakage  and 
Shuttling  with  Fluid." 

4.6.6  Impulse  cycling.-  With  a  set-up  similar  to  Figure  4,  the  shuttle 
valve  shall  be  subjected  to  a  total  of  20,000  pressure  cycles  at  a  rate  of 
35±5  cpm.  For  each  cycle,  the  directional  control  valve  shall  alternately 
apply  rated  pressure  and  then  a  pressure  of  75  psi  maximum  to  the  inlet  port 
nearest  the  hex  head  of  the  shuttle  valve.  Of  the  total  number  of  cycles, 

15,000  shall  be  performed  in  accordance  with  the  procedure  outlined  in  4. 4. 6.1  titl 
"Impulse  at  High  Tempeiature."  The  balance  of  5>000  cycles  shall  be  performed  in 
accordance  with  the  procedure  outlined  in  4. 4. 6. 2  titled  "Impulse  at 
Intermediate  Temperature."  Surge  pressure  during  the  presstire  build-up  portion  of 
each  cycle  shall  be  6,000  psi.  During  this  impulse  cycling,  internal  leakage 
shall  be  collected  at  the  unconnected  inlet  port  and  shall  not  exceed  2  cc 
per  100  cycles,  and  there  shall  be  no  measwable  external  leakage. 
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!+.6.6.1  Impulse  at  hif;!!  temiY>.raturo .  -  The  valve  and  hydraulic  fluid  of 
the  test  set-up  shall  he  n lahi.l  l/.f'd  at  a  temperature  of  450°?.  Hie  valve  shall 
then  he  subjected  to  15,000  eyeJ.cs  of  i.mpulse.  The  temperature  of  the  valve 
shall  then  be  rerlucod  to  a  rouge  of  95'15°F  and  the  test  specified  in  4. 6. 3.2 
titled  Leakage  and  Shuttling  With  Fluid,  -shall  then  be  conducted,  and  the 
requirement  therein  shall  be  satisfied. 

4. 6. 6. 2  Impulse  at  intermediate  temperature.-  The  valve  shall  then  be 
subjected  to  5,000  cycles  of  Impulse  at  a  temperature  of  275‘’?»  The  temperature 
of  the  test  set-up  shall  then  be  reduced  to  a  range  of  95+15°?- 

The  test  of  4. 6. 3. 2  titled  Leakage  and  Bhuttllng 
With  Fluid,  shall  then  be  conducted,  and  the  requirements  therein  shall  be 
satisfied. 

4.6.7  Endurance  cycling.-  With  a  test  set-up  similar  to  F'gure  5,  the 
shuttle  valve  shell  be  subjected  to  a  total  of  2,000  cycles  of  shuttling  at  a 

te  of  5  to  6  cpm.  Shuttling  shall  be  accomplished  by  operating  the  directional  j 
control  valve  in  such  manner  as  to  alternately  apply  rated  pressure  to  each  inlet' pOr; 

f 

Surge , pressures  during  the  pressure  application  portion  of  each  cycle  shall  be 
6,000±300  psi.  The  endurance  test  shall  be  conducted  while  the  valve  undergoes  j 
a  time -temperature  spectrum  as  shown  in  Figure  6.  The  entire  2,000  cycles 
shall  be  completed  in  one  spectrum.  After  the  spectrum,  the  temperature  pf  the  test | 
set-up  shall  be  reduced  to  95±15°F,  at  which  the  requirement  for  Leakage  and 
shuttling  with  fluid  4. 6. 3. 2  shall  be  checked  and  satisfied,  except  that -the  I 

maximum  allowable  leakage  shall  be  3  drops.  The  temperature  shall  then  be  | 

I 

I 
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reduced  to  -20°F  and  leakage  and  shuttling  with  fluid  (4. 6. 3. 2)  again  checked  and 
satisfied  except  that  the  leakage  during  the  final  six  minutes  after  a  2  minute 
seating  period  shall  not  exceed  3  drops. 

4.6.8  Shuttling  against  a  closed  line.-  This  test  shall  be  performed, 

at  a  temperature  of  95°±15°F-  The  valve  $hall  be  set-up  as  shown  in  Figure  7* 
With  shutoff  valve  "B"  and  "C"  closed,  and  shutoff  valve  "A"  open,  rated  flovr 
shall  be  directed  through  the  flowmeter  until  air  is  thoroughly  bled  from  the 
system.  Shut-off  valve  "A"  shall  be  then  positively  closed  after  which  the  4-way 
valve  shall  be  reversed  from  the  position  shown,  in  order  to  direct  flow  to  the 
other  inlet  port  of  the  test  block.  The  pressure  drop  from  inlet  through  outlet 
shall  not  exceed  25  psi.  Five  seconds  shall  be  allowed  before  pressure 
drop  reading  is  taken.  This  test  shall  be  repeated  20  times. 

4.6.9  Surge -flow  shuttling.-  The  surge  flow  test  shall  be  performed 

at  a  tempierature  of  95‘‘*15*’F*  'The  valve  shall  be  set  up  as  shown  in  Figure  7> 
with  shut-off  valves  "A",  "B"  and  ’  C  open.  The  4-vray  valve,  however,  shall 
be  put  in  a  neutral  position  to  permit  the  build-up  to  4000  psi  hydraulic 
pressure  in  the  accumulator.  The  4-way  valve  shall  then  be  cycled  20  times. 

At  the  end  of  each  shuttling  operation  or  half  cycle,  the- 4-way  valve  shall  be 
returned  to  the  neutral  position  to  again  permit  the  buildup  of  4000  psi  hydraulic 
pressure  in  the  accumulator.  There  shall  be  no  malfunctioning  of  or  damage  to 
the  valve  during  this  test. 

4.6.10  Pressure  rop.-  This  test  shall  be  performed  at  a  fluid 
temperature  of  95±15°K  Hydraulic  pressure  sufficient  to  produce  rated  flow 
shall  be  applied  to  either  of  the  two  inlets,  first  in  the  normal  flow 
direction  (from  inlet  to  outlet)  and  then  in  the  reverse  direction 
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(from  outlet  to  the  same  inlet  port).  This  procedure  shall  then  he  repeated, 
starting  with  the  opposite  inlet.  Pressure  and  rate  of  flow  shall  be 
accurately  m/iintained.  A  manometer,  or  suitable  pressure  gage,  connected 
across  the  shuttle  valve  shall  be  used  for  accurate  measurement  of  the 
pressure  drop.  Pressure  drop  in  both  directions  shall  be  measured  and  shall  not 
exceed  25  psi  for  the  module  only.  Tlie  pressure  drop  for  the  module  shall  be 
determined  by  taking  the  difference  in  the  pressure  drop  for  the  valve  and 
test  housing  and  the  pressure  drop  for  the  housing  as  measured  with  the 
valve  removed  and  the  cavity  plugged. 

I4-.6.11  Vibration  test.-  With  the  fluid  temperature  maintained  at  95tl5“F>  the 
valve  shall  be  shuttled  at  a  rate  of  15  to  20  cpm.  Shuttling  shall  be  accomplished 
by  applying  rated  pressure  alternately  to  the  inlet  ports.  While  the  valve  is 
being  shuttled,  it  shall  be  vibrated  in  a  horizontal  direction  with  the  frequency 
with  the  frequency  varying  between  5  and  2000  cps  in  30  minutes.  The 
amplitude  shall  be  .04  inches  (.08  inch  total  excursion)  or  l^G,  whichever 
is  limiting.  This  test  should  be  repeated  two  times  and  during  this  time,  the 
frequency  of  any  and  all  resonant  points  shall  be  noted.  Vibrate  the  valve  for 
90  minutes  at  the  most  severe  resonant  frequency  noted  above  at  .08  in  total 
excursion  or  150  whichever  is  less  severe.  If  no  resonant  frequency  is  found 
the  valve  shall  be  vibrated  for  90  minutes  at  500  cps.  The  above  procedure 
shall  be  repeated  with  the  direction  of  vibration  changed  90°  horizontally,  and 
again  with  the  direction  of  vibration  changed  to  vertical.  After  completion  of 
the  vibration  test,  the  valve  shall  be  checked  per  paragraph  4. 6. 3. 2,  except 
that  the  allowable  leakage  shall  be  three  (3)  drops  in  the  six  (6)  minute  period. 
The  valve  shall  then  be  removed  from  the  manifold  and  visually  inspected  for 
any  mechanical  failures. 
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4.6.12  Burst  pressure  test.-  With  the  outlet  port  plugged,  pressure  shall 

be  applied  to  the  Inlel'.  port  \intil 

10,000  psi  Is  reached.  This  pressure  shall  be  held  for  2  minutes.  There 

shall  >'e  no  rupture  of  external  or  internal  parts.  This  test  shall  be  repeated 
with  pressure  applied  to  the  other  inlet  port.  The  fluid  temperature  shall 
be  95^15°F  for  this  test. 

4.6.13  Reverse  flovr  unseating.-  Three  times  the  rated  flow  of  the  valve 
shall  be  applied  in  a  direction  from  the  outlet  port  discharging  through  the 
open  inlet  port.  During  the  test,  the  shuttle  shall  not  unseat,  and  the 
leakage  out  of  the  opposite  Inlet  port  shall  not  exceed  10  drops  per  minute. 

5.  PREPARATION  FOR  DELIVERY 

4 

5.1  Preservation  and  packaging.-  Bach  component  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of  components 
shall  be  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior 

to  sealing.  The  component  shall  then  be  wrapped  or  bagged  in  grade  A  greaseproof 
paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape  conforming 
to  Specification  PPP-T-60.  Each  wrapped  component  shall  be  packaged  in  accordance 
with  the  manufacturer's  commercial  practices. 

5.2  Marking  of  shipments.-  Interior  packages  and  exterior  shipping 
containers  shall  be  marked  in  accordande  with  Standard  MIL-STD-129,  and  shall 
include  the  following; 

Stock  No.  as  specified  in  the_  purchase  document. 

Name  of  part. 

MS  Part  No. 

Month  end  year  of  manufacture 


Class  or  size 
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6.  NOTES 

6.1  Intended  use.-  The  shuttle  valves  covered  by  this  specif icatioh 
are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by 
Specification  MIL-H-8891>  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-8h46  at  presstires  which  do  not  exceed  i»,000  psi.  The 
shuttle  valve  is  further  intended  for  use  in  a  manifolded  or  packaged  type 
system. 

6.2  ,  Ordering  data.-  Procurement  documents  should  specify  the  following: 

(a)  Title, .  number  and  date  of  this  sixjcification. 

^(b)  MS  part  number 

(c)  Class 

(d)  Federal  stock  ntimber 

6.3  Qualification.-  With  respect  to  products  requiring  qualification, 

awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for 

opening  of  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 

Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 

listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this  requirement 

and  manufacturers  are  urged  to  arrange  to  have  the  products  that  they  propose 

to  offer  to  the  Federal  Government,  tested  for  qualification,  in  order  that  they 

0 

may  be  eligible  to  be  awarded  contracts  or  orders  for  the  products  covered  by 
this  specification.  The  activity  responaible  for  the  Qualified  Products  List 
is  the  Bureau  of  Naval  Weaponsj  Navy  Department,  Washington  25,  D.  C.j  however, 
information  pertaining  to  qualification  of  products  may  be  obtained  from  the 
Commanding  Officer,  U.  S.  Naval  Air  Material  Center,  Naval  Base,  Philadelphia 
12,  Pennsylvania . 
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NOTICE :  V/hen  Oovernment  drawings,  specifications,  or  other 
data  are  used  for  any  purpose  other  than  in  connection  with  a 
definitely  related  Government  procurement  operation,  the 

United  States  Government  thereby  Incurs  no  responsibility  nor 

0 

any  obligation  whatsoever;  and  the  fact  that  the  Government 
may  have  formulated,  furnished,  or  any  way-  supplied  the  said 
drawings,  specifications,  or  other  data  is  not  to  he  regarded 
hy  i '1')!  i.'v:  t  L  '1  I'  'Gi'  nr.  In  any  manner  licensing  the  holder 

or  any  other  porsru  or  corpor.ation;  or  conveying  any  rights  or 
permission  to  manufacture,  use,  or  sell  any  patented  invention 
tlnat  may  in  any  way  be  related  thereto. 
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SET  UP  FOR  LEAKAGE  AND  SHUTTLING  WITH  FLUID  TEST 
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FIGURK  3 

SETUP  FOR  RXTlMffi  TOIPERATWE  TEST 
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APPROVED  REVISED 


PEO.  SUP  CLASS 


VALVE  DIMENSIONS 


PART 
NUMUtil  ' 

THREAP 

T 

A 

DIA 

B  DIA 
f.OOO 
-.005 

C  DIA 
MAX 

P  DIA 
t.OOO 
-.002 

B  DIA 
t.OOO 
-.001 

F 

MAX 

a 

t.OOO 

-.003 

11  HEX 
MAX 
+  .000 
-.020 

HATED  FLOW 

a.p.H. 

WEIGHT 

(MAX).-LBS. 

MB  -1 

m 

mm 

mm 

tm 

1.610 

BSO 

BSlHi 

MS  -2 

1  5/16-12UN-3A 

fsa 

Bsa 

jl^ 

l,l?0 

.750 

Bia 

i.Sho 

WBj3 

BH: 

CAVITY  DIMENSIONS 


CAVITY 

FOR 

FART 

HUMBER 

THREAD 

J 

K 

DU 

L 

DIA 

MIN 

M  DU 
4>.002 
-.000 

N  DU 
+.0100 
-.0000 

P  DU 
MAX 

Q  DU 
+►002 
-.000 

R 

MAX 

S 

♦  .003 
-.000 

MS 

-1 

1  1/16-12UN-3B 

1.062 

1.52 

1.112 

.9721 

.781 

.968 

i.iit 

1.689 

MS 

-2 

1  5/16-12UN-3B 

1.312 

1.76 

1.500 

i.2?2j 

.940 

l.J2p 

1.75 

1.899 

DETAIL  REQUIREMENTS 


TEMPERATURE  LIMITS 

PRESSURE 

FLUID 

SEALS 

UFE 

PRESSURE  DROP 


♦4!)0°F  FLUID  AND  *6!)0f>F  AMBIENT  MAXIMJM.  VALVE  SHALL  FUNCTION  AT  -L^^F. 
OPERATING  4000  PSI,  PROOF  >000  PSI,  BURST  lO.OOU  PSI 
SPECIFICATION  MIL-H-844t- 
SPECIFICATION  HIL- 

BEE  SPECIFICATION  MIL-  FOR  ENDURANCE 
ADJUSTABIB  FRIW  38^0  TO  4850  PSI  AT  RATED  FLOW 


MATERIAL:  SEE  SPECIFICATION  MIL- 

FINISH!  SEE  SPECIFICATION  MIL-  ,0005 

MACHINE  FINISHES!  SEALING  SURFACES  (NOTED  BY  SYMBOL  A)  SHALL  BF  lb/  RMH.  ALL  UTOEH  SURFACLS  125/  HHR. 
HEFEKENCE  SPECIHCATIoN  hll,-STU-10.  ^ 


TOLERANCES!  THE  SEALING  SURFACE  OF  VALVE  DIAMETERS  "D"  AND  "A"  SHALL  BE  PARALLEL  WITHIN  .002  FIR  AND  SHALL  HE 
PERPENOICUIAB  TO  THREAD  "T"  AXIS  WITHIN  .001  FIB.  VALVE  DIAMETERS  "E",  "D"  AND  "A"  SHALL  BE  CONCENTRIC  TO 
THREAD  "T"  WITHIN  .002  FIR.  THE  SEALING  SURFACE  OF  CAVITY  DIAMETERS  "M”  AND  "Q"  SHALL  BE  PARALLEL  TO  SURFACE 
DIAMETER  "L"  WITHIN  ,002  FIR.  DIAMETRAL  SURFACE  "L"  SHALL  BE  PERPENDICULAR  TO  THREAD  "J"  AXIS  WITHIN  .001 
FIR.  CAVITY  DIAMETERS  "L“,  "M",  "H"  AND  "Q"  SHALL  BE  CONCENTRIC  TO  THREAD  "J"  AXIS  WITHIN  .002  FIR. 

TOLERANCES  UNLESS  OTHERWISE  NOTED:  DETAIL  ,.01;  ANGUIAB  ,2^. 

THIS  VALVE  INTENDED  FDR  INSTALLATION  IN  A  MANIFOLD  OR  HOUSING  FUR  USE  IN  4000  PSI  TYPE  III  HYDRAULIC  SYSTEMS 
WITHLN  THE  LIMITS  SPECIFIED  HEREIN  AND  BY  SPECIFICATION  MIL- 

SEALING  SURFACES  ARE  DENOTED  BY  THE  SYMBOL  A  . 

IHHEADS  SHALL  CONFORM  TO  SPECIFICATION  MIL-S-7742. 

THE  APPLICABLE  COMPLETE  MS  PART  NUMBER,  THE  WORDS  "PRESSURE  RELIEF",  THE  HATED  FLOW,  AND  THE  HANUFACWHFB 'S  NA.'tt 
OR  TRADEMARK  SHALL  BE  PERMANENTLY  MARKED  ON  THE  HEX  OB  FIANOE  (IF  USED)  SURFACEf.  SUCH  THAT  MARKINGS  ARE 
VISIBLE  AFTER  VALVE  INSTAUATION. 


P.A.  u^)|^  iiUwhi'S 
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MILITARY  SPECIPICATIOW 
VALVE;  AIRCRAIIT  HffiRAULIC  PRESSURE  RBLIBP 


1.  SCOPE 

1.1  Scope.-  This  specification  covers  cartridge -type  modular  hydraulic 
pressure  relief  valves,  for  use  in  Type  III  aircraft  hydraulic  systems  conform¬ 
ing  to  Specification  MIL-H-889I. 

1.2  Classification.-  Pressure  relief  valves  shall  he  of  the  following 


classes : 

Class  .1  -  0  to  4  gallons  per  minute  capacity 
Class  2  -  0  to  25  gallons  per  minute  capacity 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation 

for  bids,  form  a  part  of  this  specification  to  the  extent  specified: 
Specifications 


Federal 


PPP-T-60  Tape,  Pressure  Sensitive  Adhesive,  Waterproof 
Military 

MIL-B-121  Barrier  Material,  Greasproof,  Flexible,  Waterproofec 
MIL-I-6866  Inspection,  Penetrant  Method  of 
MIL-I-6868  Inspection  Process,  Magnetic -Particle 

MIL-H-6875  Heat  Treatment  of  Steels  (Aircraft  Iractice)  Process  for 
MTT-R-77I4.P  Screw  Threads,  Standard,  Aeronautical 

MIL-M-7911  Marking,  Identification  of  Aeronautical  EcLuipment,  Assemblies  and  Parts 
MIL-H-84U6  Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 

o 

MIL-H-8891  Hydraulic  Systems,  Tjnpe  III  Design,  Installation,  Tests  and  Data 
Requirements,  General  Specification  For  0 

MIL-D-70327  Drawings,  Engineering  and  Associated  Lists 

Standards 

MIL-STD-10  Surface  Roughness,  Waviness  and  Lay 
MIL-STD-129  Marking  for  Shipment  and  Storage 
MIL-STD-143  Specification  and  Standards,  Use  of 
MS-33540  Safety  Wiring  -  General  Practices  for 
Mf3  “20995  V7  Ir  e  -Loc  k 


Drawing 


MS- 


Valve,  Pressure  Relief,  Modular,  Envelope  for 
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2.2  Other  publications  -  Vlhere  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2.1,  they  sloall  be  selected  in  the  order  of 
pi’ecedence  set  forth  in  MIL-3TD-143.  Where  contractor  material  and  process 
specifications  are  preraitted  under  MIIj-STD-143,  they  shall  contain  provisions 
for  adequate  tests  and  inspection. 

3.  REQUIREMEOTS 

3.1  Qualification  -  The  pressure  relief  valve  furnlslied  under  this 
specification  shall  be  a  product  which  has  been  tested  and  passed' the 
qualification  tests  specified  herein  and  has  been  listed  on,  or  approved 
for  listing  on,  the  applicable  qualified  products  list. 

3.2  Materials  and  Processes  -  Materials  and  processes  used  in  the 
manufacture  of  these  valves  .shall  conform  to  the  folloifing  requirements  and 
to  appllc.able  specifications  as  defined  in  Section  2: 

3.2.]  Metals.-  All  metals  shall  be  compatible  \'dth  the  fluid  and  in¬ 
tended  tempei'ature,  functional,  service,  and  storage  conditions  to  vhich  the 
components  -v/ill  be  ejqposed.  The  metals  shall  be  of  a  corrosion  resisting 
type  or  shall  be  adequately  protected  to  resist  corrosion  which  may  result 
from  such  conditions  as  dissimilar  metal  combinations,  moisture,  salt  spray, 
and  high  temperature  deterioration,  as  applicable.  Copper,  aluminum,  and  mag¬ 
nesium  alloys  shall  be  used  only  ^d.th  the  approval  of  the  procuring  agency. 
Ferrous  alloys  shall  have  a  .chromium  content  of  12  per  cent  or  shall  be  suit¬ 
ably  protected  against  corrosion.  In  addition  cadmium  and  zinc  platings 
shall  )iot  be  used  for  internal  parts  or  on  internal  surfaces  in  contact  XTith 
hydraulic  fluid. 

3.2.2  Mub-zero  stabilization  of  steel  -  Close-fitting,  sliding  steel  parts 
shall  be  cold  stabilized  in  accordance  with  specification  MIL-H-6875  to  reduce 
v/arpage  tendencies. 

3.2.3  Plastic  Parts  -  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  procuring  agency  for  each  application, 
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3# 3  Partr.  -  Standard  parts  Be3.ected,  in  accordance  with  Section  2  shall 
"be  used  wherever  they  are  svd. table  for  the  purpose,  and  shall  he  identified 
on  the  drawing  hy  their  part  numbers.  Comraerclal  utility  parts  such  as  screws, 
holts,  nuts,  cotter  pins,  etc.,  my  he  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration 
and  provided  the  approved  standard  part  is  referenced  in  the  parts  list  and, 
if  practicable,  on  the  contractor's  drawings. 

3.4  Design  and  construction 

3.4.1  Envelope  -  The  external  configuration,  dimensions,  and  other  details 

of  the  design  shall  conform  to  the  requirements  of  this  specification,  and  MS _ 

3.4.2  Hydraulic  fluid  -  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range  -  The  valves  shall  be  designed  to  meet  the 
functional  and  operational  requirements  of  this  specification  throughout  a 
range  of  -65°F  to  450°F  fluid  temperature  and  ~65°F  to  650“P  ambient  temperature. 

3.4.4  Threads  -  Only  class  3  threads  conforming  to  Specification  MIL-S-7742 
shall  be  used. 

3.4.5  Seals  -  Seals  shall  be  of  metallic  construction  and  shall  be 
approved  by  the  procuring  agency. 

3.4.6  Safetying  -  Threaded  parts  shall  be  positively  looked  or  safetied 
by  safety-wiring,  self-loclcLng  nuts,  or  other  approved  methods.  Safety  wire 
shall  be  applied  in  accordance  with  Standard  Drawings.  MS-33540  and  MS-20995* 

3.4.7  Retainer  rings  -  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used 
in  hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or 
jjamming  of  the  valve. 
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3.4.8  Structural  Strength  -  Tlie  valves  shall  have  sufficient  strength 
to  withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure,  tem¬ 
perature  variations,  and  installation. 

3.4.9  Weight  -  The  weight  shall  be  kept  to  a  minimum  consistent  v?ith  good 
design,  and  shall  be  as  specified  on  the  applicable  MS  standard  drawing. 

3.4.10  Mounting  position  -  The  valves  shall  satisfy  the  performance  re¬ 
quirements  when  mounted  in  any  position. 

3.4.11  Flow  control  -  The  valves  shall  be  designed  to  pass  rated  flow  per 
1.2  from  inlet  port  to  outlet.  Flov;  shall  be  checked  or  blocked  from  outlet  to 
inlet  ports. 

3.4.12  Surface  roughness  -  Surface  roughness  finishes  shall  be  established 
and  shall  be  specified  on  the  manufacturer.' s  assembly  drawings  as  outlined  in 
MIL- STD- 10. 

3.4.13  Filters  -  Pilot  operated  relief  valves  having  an  orifice  which  is 
less  than  0.0?  inches  in  diameter  shall  be  protected  by  a  filter  element.  The 
filter  shall  consist  of  a  \TLre  mesh  screen  in  which  the  smallest  hole  dimension 
is  not  less  than  O.OOO  inch  and  the  largest  hole  dimension  is  not  greater  than 
0.012  inch. 

3 . 5  Interchangeability 

3.5*1  I-lanufacturer ' s  Parts  -  All  parts  having  the  same  manufacturer's  part 
nvimber  shall  be  directly  and  completely  Interchangeable  VTith  each  other  id.th 
respect  to  installation  and  performance.  Changes  in  manufacturer's  part  numbers 
shall  be  governed  by  the  dra^/ing  number  requirements  of  Specification  MIL-D-'/032Y • 
Subassemblies,  composed  of  selected  mating  components,  must  be  interchangeable  as 
assembled  unics,  and  sliall  be  so  indicated  on  the  manufacturer's  drawings.  The 
individual  coraponeatr.  of  such  assembled  tuiits  need  not  be  interchangeable. 

3.5.2  Maintainability  -  Modular  valves  shall  be  self-contained  components 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another  with¬ 
out  any  detail  disassembly,  readjustment  of  setting,  or  impairment  of  function. 
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3.6  Identification  -  Each  valve  shall  have  the  identifying  marltlngs 

placed  so  that  the  identification  can  he  read 

when  the  valve  is  Installed  in  a  manifold  cavity.  Bach  valve  shall  he 
permanently  and  legihly  marked  with  the  following  information,  per  MIL-M-7911. 

Valve,  pressxire  relief 

MS  No. 

Manufacturer’s  Fart  No. 

Ifenufacturer’s  Name  of  Trademark 

In  addiction,  the  pressure  setting  shall  he  stamped  into  a  metal  tag  which 
is  attached  to  the  safety  wire  securing  the  adjustment  or  adjustment  cover. 

3.7  Worlananship 

3.7 •!  Quality  -  Worlananship  shall  he  of  sufficiently  high  quality  to 
insure  satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise 
extreme  care  in  fabricating,  assemhling,  handling,  and  packetging  valves-  to 
assure  that  the  components  are  clean  and  free  of  contaminant..  All  parts 
shall  he  free  from  pits,  rust,  scrapes,  splits,  cracks,  hurrs,  and  shapp 
edges, 

3.7*2  Physical  Defect  Inspection  -  All  magnetizable  highly  stressed  parts 
slxall  be  subjected  to  magnetic  inspection  in  accordance  with  Specification 
MIL-I-6868.  Cracks  or  other  injurious  defects  disclosed  by  the  inspection 
sliall  he  cause  for  rejectioni  All  non-magnetizahle  highly  stressed  parts 
sliall  he  subjected  to  fluorescent  penetrant  inspection  in  accordance  with 
Specification  MIL-I-6866.  Cracks  or  other  injurious  defeats  disclosed  by 
the  inspection  shall  he  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  Plow  and  Operating  Pressunes  -  The  valves  shall  be  designed 
to  operate  in  a  hydraulic  system  having  a  rated  pressure  of  either  000  psi  or 
4,000  psi.  The  valves  shall  be  adjustable  to  provide  rated  flows  at  differential 

pressures  from  3850  psi  to  4850  psi. 
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3.8.2  CracldLng  Pressure 

3.8.2. 1  Flow  -  CracldLng  pressure  shall  Tae  that  differential  pressure, 
during  increasing  pressure,  which  will  produce  a  maximum  flow  of  6  cc 

per  minute  for  class  1  valves  and  9  cc  per  minute  for  class  2  valves,  when 
tested  per  paragraph  4. 6. .3. 

3. 8. 2. 2  Minimum  Pressure  Setting  -  When  the  valves  are  set  at  a  minimum 
pressure  of  3^50  psi,  the  cracking  pressure  shall  not  be  less  than  3311  pgi. 

(86  per  cent  of  rated  flov;  pressure),  vhen  tested  per  paragraph  4. 6. 3.1. 

3.8.2. 3  Maximum  pressure  setting.-  When  the  valves  are  set  at  a  maximum 
pressure  of  4850  psi,  the  cracking  pressure  shall  not  be  less  than  4171  psi 
(86  per  cent  of  rated  flow  pressure),  when  tested  per  paragraph  4. 6, 3, 2. 

3.8.3  Reseating  Pressure 

3.8. 3.1  Flow-  Reseating  pressure  shall  be  that  differential  pressure, 
during  decreasing  pressure,  which  will  provide  a  maximum  flow  of  6  cc  per 
minute  for  class  1  valves  and  9  cc  per  minute  for  class  2  valves,  when  tested 
per  paragraph  4.6.3. 

3.8. 3.2  Minimum  pressure  setting  -  Vfhen  the  valves  are  set  at  a  minimum 
pressure  of  385O  psi,  the  reseating  pressure  shall  not  be  less  than  3311  psi 
(86  per  cent  of  rated  flow  pressure),  when  tested  per  paragraph  4. 6. 3.1. 

3.8. 3. 3  Maximum  pressure  setting  -  When  the  valves  are  set  at  a  maximum 
pressure  of  4850  psi,  tlie  reseating  pressure  shall  not  be  less  than  4171  psi 
(86  per  cent  of  rated  flow  pressure),  when  tested  per  paragraph  4. 6. 3. 2. 
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3.8,4  Valve  Leakage 

3. 8.4.1  The  valves  shall  not  show  evidence  of  external  lealcage  when 
6,000  psi  proof  pressure  Is  applied  per  paragraph  4,6.2. 

3.8.4. 2  When  pressure  is  applied  in  the  reverse  direction  to  the  valve 
per  paragraph  4.6.4,  class  1  valve  leakage  shall  not  exceed  6  cc  per  minute 
and  class  2  valve  lealcage  shall  not  exceed  9  cc  per  minute, 

3. 8. 4. 3  During  the  endurance  test  of  the  valve  per  paragraph  4.6.6, 
class  1  valve  leakage  shall  not  exceed  4  cc  per  minute  and  class  2  valve  leak¬ 
age  shall  not  exceed  6  cc  per  minute. 

3. 8. 4. 4  During  normal  temperature  performance  per  paragraph  4.6.3  and 
extreme  temperature  performance  per  paragraph  4,6.5,  class  1  valve  leakage  . 
shall  not  exceed  4  cc  per  minute  and  class  2  valve  leakage  shall  not  exceed 
6  cc  per  minute. 

3.8.5  Burst  Pressure;  -  V/hen  10,000  psi  is  applied  to  the  valve  per 
paragraph  4.6.8,  no  ruptiu'e  of  internal  or  external  parts  shall  be  evident. 

3.8.6  Proof  Pressure  -  When  6,000  psi  is  applied  to  the  valve  per 
paragraph  4.6.2,  there  shall  be  no  evidence  of  permanent  set,  failure  or 
leakage. 

3.8.7  Endurance  -  Valves  shall  be  capable  of  50,000  cycles  when  tested 
per  paragraph  4.6.6, 
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3«8.8  vibration.-  The  valves  shall  be  capable  of  vrithstanding  vibrations 
from  60  cps  through  2000  cps  at  15  "g's"  and  vibrations  vrith  an  amplitude  of 
O.OO  inch  total  exourslon  from  5  cp®  througli  6o  cps  along  the  three  mutually 
perpendicular  axes,  when  tested  per  paragraph  k.6.J. 
k.  QUALITY  ASSURANCE  PROVISIONS 

l|-.l  Inspection  responsibility  -  The  manufacturer  is  responsible  for  the 
perfommnce  of  all  inspection  requirements  prior  to  submission  for  Government 
inspection  and  acceptance.  Except  as  othend.se  specified,  the  manufacturer  may 
utilize  his  own  facilities  or  any  commercial  laboratory  acceptable  to  the  pro¬ 
curing  agency.  Inspection  records  of  the  examinations  and  tests  shall  be  kept 
complete  and  available  to  the  Government  as  specified  in  the  contract  or  order. 

4.2  Classification  of  tests.-  The  inspection  and  testing  of  relief  valves 
sliall  bo  classified  as  follows; 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests 

4.3.3  Sampling  instructions 

4. 3. 1.1  Samples  of  relief  valves  for  qualification  tests  shall  consist 
of  one  specimen  of  each  class  valve  upon  vrhlch  qualification  is  desired. 

4. 3. 1.2  The  specimen  shall  be  assembled  oi’  parts  which  conform  to  manu¬ 
facturer's  di'avdngs. 

4. 3. 1.3  The  manufacturer  shall  provide  calculations  showing  that  adequate 
clearance  of  moving  parts  is  provided  at  -65'’F  and  450“F  using  the  most  adverse 
demensions.  The  I'oom  temperature  reference  point  shall  be  70“F. 
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4.3.2  Tests  -  The  qualification  testa  shall  consist  of  the  following  , 

tests  which  shall  he  conducted  in  the  order  listed. 

Ia)  Examination  of  product  (per  4.6.1) 
b)  Proof  pressure  (450°P)  (per.  4. 6. 2,1) 

Cl  Normal  tenperature  performeince  f minimum  setting)  (per  4,6.3.!.) 
dj  Noiml  temperature  performance  (maximum  setting) (Per  4. 6. 3. 2.) 

e)  Reverse  flow  checking  (per  4.6.4.) 

f)  Extreme  temperature  performance  (per  4.6.5*) 

g)  Endurance  (per  4.6.6.) 

(h)  Vibration(per  4.6.7) 

-  (i)  Burst  pressure  (per  4.6.8) 

4.4  Acceptance  tests  -  Acceptance  tests  shall  be  performed  on  individual 

valves  or  lots  which  have  been  submitted  under  contract  to  determine  conformance 

of  the  valves  or  lots  with  requirements  set  forth  in  this  specification  prior 

to  acceptance.  Each  valve  shall  be  subjected  to  the  following  tests: 

(a)  Examination  of  product  (per  4,6.1.) 

lb)  Proof  pressure  (95  *  15^)  (per  ,4. 6. 2. 2.) 

fc)  Normal  tenrperature  performance  (maximum  setting) (per  4. 6. 3, 2.) 

(d)  Reverse  flow  checking  (per  4.6.4.) 

4,5  Test  conditions 

4.5.1  Test  fluid.-  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  temperature,-  If  the  fluid  temperature  is  not  otherwise 
specified  for  a  given  test,  it  shall  be  95  i  15?  for  that  particular  test. 

The  outlet  fluid  temperature  shall  be  specified,  and  the  inlet  fluid  tenrperature 
mpy  be  reduced  to  cornpensate  for  heat  generation.  The  fluid  temperature  shall 
be  measvired  as  near  as  practicable  to  the  valve  ports.  During  all  soaking 
periods,  the  component  shall  be  bled  of  air  and  inert  gas  and  maintained  full 
of  fluid, 

4.5.3  Contamination.-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  shall  be  added  through  the  reservoir  of  .the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer 
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01*  shall  he  extermlly  excited  so  as  to  Jkeep  the  contaminant  continuously 
agitated  or  mixed  witMn  the  fluid.  Test  dust  shall  be  added  until  one 
gram  of  dust  per  three  gallons  system  fluid  capacity  has  been  introduced. 

The  test  dub'^  Shall  he  apportioned  as  follovs: 

Siae  of  Particle  Percent  by  Weight  of  Total 

0  to  5  micron  39  i  ^2 

5  to  10  micron  3iB  ±  3 

10  to  20  micron  l6  3 

20  to  ko  micron  l8  %  3 

over  ii-O  micron  9  ^  3 

4.5.4  Piltrations.-  The  test  fluid  shall  be  continuously  filtered 
through  a  filter  vhich  has  a  maximum  opening  that  does  not  exceed  25  microns. 

The  filter  and  element  used  shall  be  satisfactory  for  the  temperature  range 
encountered,  and  cleaned  or  changed  regularly  to  prevent  clogging, 

4.5.5  Test  housing 

4. 5. 5.1  Qualification  test  housing  -  All  tests  in  4,3»2shall  be  conducted 
in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the 
cavity  and  which  is  acceptable  to  the  procuring  agency, 

4.5. 5. 2  Acceptance  Test  Housing.-  The  tests  in  4,4  may  be  conducted  in 

the  qualification  test  housing  or  in  a  housing  having  any  other  external  configu¬ 
ration, 

4.6  Test  Methods 

4.6.1  Examination  of  Product.-  Each  valve  shall  be  carefully  examined 
to  determine  conformance  with  the  requirements  of  this  specification  for 
\rorlananship,  marking,  conformance  to  applicable  drawings,  or  for  any  vidible 
defects.  The  determination  of  surface  finish  shall  be  made  with  a  profiloraeter, 
comparator  brush  analyzer,  or  equally  suitable  comparison  equipment  with  arts 
accuracy  of  *5  micro-inches  at  the  level  being  measured. 
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4.6.2  Proof  pressure  test 

4. 6. 2.1  Proof  pressure  test  for  qualification.-  The  fluid  temperature  shall 
be  450  ±  15°P  for  this  test.  After  bleeding  all  air  from  the  valve  and  plugging 
the  outlet  port,  a  proof  pressure  of  6,000  psi  shall  be  applied.  The  proof  pi-essure 
shall  be  held  for  at  least  two  minutes.  Tliis  test  shall  be  repeated  vdth  the 
pressure  port  plugged  and  pressure  applied  to  the  outlet  port.  There  shall  be  no 
evidence  of  external  leakage,  permanent  set,  or  failure. 

4. 6.2.2  Proof  press\ire  test  for  acceptance.-  The  fltild  temperature  shall 
be  95  ±  15**?  foP  this  test.  After  bleeding  all  air  from  the  valve  and  plugging 
the  outlet  port,  a  proof  pressure  of  6,000  psi  sliall  be  applied.  Tlie  proof 
pressure  shall  be  held  for  at  least  two  minutes.  This  test  shall  be  repeated  ■vd.th 
the  pressure  port  plugged  and  pressure  applied  to  the  outlet  port.  There  shall 
be  no  evidence  of  external  leakage,  permanent  set,  or  fai3.ure. 

4.6.3  Normal  temperature  performance 

4. 6. 3.1  Normal  temperature  performance  at  minimum  setting.-  The  fltiid 
teiuperature  shall  be  95  ±  15°F  for  this  test.  Lealaige  shall  be  measured  at 
the  outlet  port  during  the  minute  follo-vdng  a  two  minute  waiting  period.  Tlie 
tc  ;t  valve  shall  be  Installed  in  a  set  up  similar  to  schematic  Figure  1.  The 
valve  shall  be  adjusted  00  deliver  rated  flow  of  4  and  25  gpra  for  class  1 
and  2  valves,  respectively,  at  a  differential  pressxire  of  3^50  psi.  The 
differential  pressurv,  shall  then  be  reduced  until  reseat  pressure  in  determined. 
Reseat  pressure  is  defined  as  the  differential  pressure,  upon  decreasing  pressure, 
\7hicli  vdll  produce  a  maximum  flow  6  and  9  cc/min  in  the  class  1  and  2 
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valves,  respectively.  Differential  pressure  slmll  be  reduced  slowly  to 
2880,  I93O;  and  962  psi  and  lealtage  I'ates  measured  at  each  of  these  values. 
Differential  pressure  shall  then  be  increased  to  9^2,  1930>  2680,  psi 

and  lealtage  rate  measured  at  each  of  these  values.  The  pressure  shall  be 
further  increased  until  a  flow  of  b  and  9  cc/minute  for  the  class  1  and 
2  valves,  respectively,  is  obtained.  The  pressure  at  this  leakage  rate 
shall  be  recorded  as  the  cracking  pressure.  Neither  the  cracking  pressure 
nor  the  reseat  pressure  shall  be  less  than  33II  psi  (86^  of  rated  flow 
pressure).  Leakage  rates  shall  not  exceed  the  following  values  of  Table  I. 

TABLE  I  -  ALLOWABLE  LEAKAGE  AT  MINIMUM  SETTINGS 

CLASS  1  VALVE  CLASS  2  VALVE 

Pressure,  psi  Max.  Allowable  Lealcage  f4ax.  Allowable  Leal^age 

2880  cc/raln,  6cc/min. 

1930  4  cc/rain,  '6cc/mln. 

962  ^  oc/min.  68e/min. 

4.6. 3*2  Normal  tenperature  perfonnance  at  maximum  setting  -  The  fluid 
tiiiiiperature  shall  be  95  i  15°F  for  this  test.  Leakage  shall  be  measured  at 
tlie  outlet  port  during  the  minute  following  a  two  minute  waiting  period.  The 
tost  valve  sliall  be  installed  in  a  cetr*up  similar  to  schematic  Figure  1.  The 
valve  shall  be  adjusted  to  deliver  rated  flo\i  of  4  and  25  gpm  for  Class  1 
and  2  valves,  respectively,  at  a  differential  pressure  of  4,850  psi.  The 
differential  pressure  shall  then  be  reduced  until  reseat  pressure  is 
determined.  Reseat  pressure  is  defined  as  the  differential  pressure,  upon 
dccx’casing  pressure,  which  will  produce  a  maximum  flow  of  6  and  9  cc/rain. 
in  the  class  1  and  2  valves,  respectively.  Differential  pressure  sliall  be 
reduced  slowly  to  3630,  2425  and  1210  and  the  leakage  rate  measured  at  each 
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pressure.  Pressure  shall  then  he  Increased  and  leedsBge  measured  at  1210, 

2425,  and  3630  psi.  The  pressure  shall  he  further  increased  until  a  flow 
of  6  and  9  cc/minute  for  the  class  1  and  2  valves,  respectively,  is  obtained. 

The  pressure  at  this  leakage  rate  shall  he  recorded  as  the  cracking  pressure. 
Neither  the  cracking  pressure  nor  the  reseat  pressure  shall  he  less  than  4171 
psi  (86^  of  rated  flow  pressure).  Leakage  rates  shall  not  exceed  the  following 
values  of  Table  II. 

TABIE  II 

ALLOWABLE  LEAKAGE  AT  MAXIMUM  SETTINGS 

CIASS  1  VALVE  CLASS  2  VALVE 

Pressure,  psi  Max.  Allowable  Leakage  Max.  Allowable  Leakage 

3630  4cc/min.  6co/min. 

2425  4cc/min.  6cc/inin, 

1210  4cc/mln.  6cc/min. 

4.6.4  Reverse  flow  checking  -  The  fluid  temEasrature  shall  he  95  ^  15°F 
for  this  test.  Pressure  of  6,000  psi  shall  he  applied  to  the  valve  outlet 
port  with  the  inlet  or  pressure  port  open.  Leakage  shall  he  measured  during 
the  third  minute  of  a  three  minute  waiting  period.  This  test  shall  he 
repeated  with  50  PSi  applied  to  the  outlet  port.  Leakage  during  the  third 
minute  of  a  three  minute  waiting  period  shall  not  exceed  6  cc/min.  eind  9 
cc/min.  for  the  class  1  and  class  2  valves,  respectively. 

4.6.5  Extreme  temperature  performance 

4.6. 5.1  Low  temperature  performance  -  The  test  set  up  shall  he  maintained 
at  -65*^P  or  colder  for  at  least  8  hours  prior  to  start  of  the  test.  The 
test  shall  he  conducted  with  the  valve  adjusted  to  the  maxjjnum  pressure 
setting.  The  valve  shall  he  installed  in  a  set  up  similar  to  schematic 
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Figure  2.  Fluid  shall  be  punned  through  the  relief  valve  and  the  differential 
pressure  reduced  until  the  valve  reseats.  The  reseat  pressure  shall  be 
recorded.  The  test  shall  be  repeated  with  the  fluid  warmed  up  to  »20°F.  The 
reseat  pressure  shall. not  be  less  than  4,171  psi. 

4,6. 5»2  High  temperature  performance  -  The  valve  shall  be  adjusted  to 
the  maximixm  setting  for  this  test.  The  test  set  up  shall  be  stabilized  at  a 
temperature  of  450  ±  15°F  for  at  least  4  hours  before  the  test  is  started. 

The  valve  shall  be  installed  in  a  set-up  similar  to  schematic  Figure  2,  Fluid 
shall  be. pumped  through  the  valve  at  rated  flow,  and  the  differential  pressure 
shall  be  decreased  slowly  until  the  valve  reseats.  The  reseat  pressure  shall 
be  recorded.  The  differential  pressure  shall  be  further  reduced  to  3630,  2425, 
and  1210  psi  and  the  leakage  rate  measured  at  each  of  these  pressures.  After 
further  reducing  pressure,  the  pressure  shall  be  increased  toM210,  2425  and 
3630  psi  and  the  leakage  rate  measured  at  Sach  differential  pressure.  The 

reseat  pressure  shall  not  be  less  than  4,171  psi.  The  leakage  rate  shall  not 

I  '> 

exceed  4  cc/min,  and ' gi5c/min.  for  the  class  1  and  class  2  valves,  respectively, 
during  the  decreasing  pressure  and  increasing  pressure  leakage  checks. 

4.6.6  Endurance  -  The  endurance  test  shall  be  performed  with  the  valve 
adjusted  to  the  maximum  pressxure  setting  for  bated  flow  at  room  temperature. 

The  temperature  of  the  test  set  up  shall  follow  a  series  of  seven  repetitions 
of  the  time  -  temperature  spectrum  per  Figure  3*  Each  spectrum  should  take 
approximately  six  and  one  half  hours  to  complete.  The  first,  loui'th,  and 
seventh  spectrum  sliall  begin  at  -65°!'  after  the  set  up  has  soaked  at  -65°F 
for  0  hours.  'L’he  specti’m’  shall  begin  at  95  ±  15°F  on  the  second,  tiiird, 
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fifth,  and.  sixth  repetitions.  The  rate  of  temperature  rise  and  decay  shall 
he  within  the  shaded  areas  shown.  After  completion  of  all  endurance  cycling 
the  fluid  shall  he  stabilized  at  95  ±  15°P  for  lealtage  tests.  The  valve  shall 
he  installed  in  a  set-up  similar  to  schematic  Figure  2.  The  valve  shall  be 
cycled  hy  imposing  rated  flow  and  then  reducing  differential  pressure  to 
500  psi  or  less  for  a  total  of  50,000  cycles.  Cycling  shall  he  performed 
at  a  rate  of  I7  -  20  cpm.  Upon  completion  of  the  50,000  endurance  cycles, 
lealtage  tests  shall  he  performed  as  follows;  Inlet  pressm-e  shall  be  gradually 
decreased  until  leakage  rates  of  9cc/min.  and  12cc/min.  can  be  determined 
for  the  class  1  and  class  2  valves,  respectively.  Differential  pressure  sliall 
be  further  reduced  and  leal;age  measurements  made  at  363O,  2*4-25,  and  1210  psi. 
The  results  of  this  test  shall  not  exceed  tlie  following  values  of  Table  III. 


TABLE  III 

ENDURANCE  TEST  ACCEPTANCE  VALUES 


Controlled 

Variable 

Class  I 

Valve 

Class  2 

Valve 

Minimum 

Differential 

Pressure 

Maximum 
Allowable 
Leakage  Rate 

Flow  Rate 

9Gc/min. 

4,171 

12cc/min. 

4,171 

Differential 

Press. 

3630  psi 

2l)-25  psi 

1210  psi 

3630  psi 
2*4-25  psi 
1210  psi 

4  cc/min. 
^cc/rain. 

4  cc/rain. 

6  cc/min. 

6  cc/min. 

6  cc/min. 
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4. 6.7  Vibration  test.-  Wlien  friction-type  adjustment  screws  are  utilized 
in  the  valve  design,  these  adjustment  screws  shall  be  moved  through  the  full 
adjustment  range  15  times  prior  to  starting  the  vibration  test.  The  valve 
shall  be  set  at  the  maximum  setting  for  thiso  test.  The  fluid  temperatui’e 
shall  be  95  ±  15°P*  The  valve  shall  be  cycled  at  a  rate  of  17  ~  20  cpra  by 
inposing  rated  flow  through  the  valve  and  then  reducing  the  differential 
pressure  to  zero.  While  the  valve  is  being  cycled  in  this  manner,  it  sliall 
be  vibrated  as  outlined  in  Table  IV. 

TABLE  IV 


SEQUENCE  OF  VIBRATION  TESTING 


FIRST  AXES 
(Horizontal) 

Step  1  Survey  for  resonance,  5-2,000  cps  in  30  minutes.  Amplitude  0,08 
Step  2  -  As  Step  1  in  total  excursion  for  frequency  from 

Step  3  -  As  Step  1  5  to  60  cps:  vibrate  at  I5  "g's"  from 

60-2,000  cps. 

Step  4  Vibrate  at  most  resonant  frequency  found  in  (l),(2)  and  (3) 
for  90  minutes.  (If  no  resonance  found,  vibrate  at 

500  cps  for  90  minutes) 

4a  After  23  minutes,  change  frequency  to  resonant  +IO5S,  determine 
reseat  pressure. 

4b  After  23  minutes,  change  frequency  to  ’ sonant  -lOjJ,  determine 
reseat  pressure. 

4c  Continue  vibration  at  resonant  frequency, 

4d  After  46  minutes,  repeat  4a. 

4e  After  46  minutes,  repeat  4b. 

4f  Continue  vibration  at  resonant  frequency. 

4g  After  69  minutes,  repeat  4a. 

4h  After  69  minutes,  repeat  4b. 

4l  Continue  vibration  at  resonant  frequency. 

4j  After  90  minutes,  repeat  4a. 

4k  After  90  minutes,  repeat  4b. 

SECOND  AXIS 
(90°  to  first) 

Repeat  Steps  1  thru  4  and  4a  thru  4k  above. 

THIRD  AXIS 
(90°  to  first 
and  second) 

Repeat  Steps  1  thru  4  and  4a  thru  4k  above. 
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Reseat  pressure  as  determined  In  steps  kk,  4b,  4b,  4g,  4j,  and  4k  in  the 

procedure  above  shall  not  he  less  than  4,171  psi.  There  shall  he  no  mechanical 
failure  of  parts  resulting  from  this  test. 

4.6.8  Burst  Pressure  Test  -  The  fluid  teniE)erature  shall  he  95^15°P  for  this 
test.  With  the  outlet  port  plugged,  pressure  shall  he  applied  to  the  inlet  port 
until  10,000  psi  is  reached.  This  pressure  shall  he  held  for  2  minutes.  This 
test  shall  he  repeated  with  the  inlet  port  plugged  and  hurst  pressure  applied 
to  the  outlet  port.  There  shall  he  no.  rupture  of  external  or  internal  parts. 

5.  PREPARATION  FOR  DELIVERy 

5.1  Preservation  and  packaging  -  E^ch  coniponent  shall  he  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8446.  All  Internal  surfaces  of  components 
shall  he  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior 
to  sealing.  The  component  shall  then  be  wrapped  or  hagged  in  grade  A  greaseproof 
paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape  conforming  to 
Specification  PPP-T-60.  Each  wrapped  component  shall  he  packaged  in  accordance  with 
the  manufacturer's  commercial  practices. 

5.2  Marking  of  Shipments  -  Interior  packages  and  exterior  shipping 
containers  shall  he  marked  in  accordance  with  Standard  MIL-STD-129,  and  shall 
Include  the  following: 

Stock  No.  as  specified  in  the  purchase  document 
Name  of  part 
MS  part  No. 

Month  and  year  of  manufacture 
Class  or  size 

6.  NOTFS 

6.1  Intended  Use  -  The  pressure  relief  valves  covered  hy  this  specification 
are  intended  for  use  in  either  3,000  or  4,000  psi  aircraft  and  missile  hydrau¬ 
lic  systems  covered  hy  Specification  MIL-H-889I,  and  operating  with  hydraulic 
fluid  conformirg  to  Specification  MIL-H-8446.  The  pressure  relief  valve  is 
further  intended  for  use  in  a  manifolded  or  packaged  type  system. 
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6.2  Ordering  data.-  Procurement  documents  should  specify  the  followl^; 

fa)  Title,  number  and  date  of  this  specification, 
lb)  MS  part  number, 
fc)  Class 

(d)  Federal  stock  number. 

6.3  Qualification.-  With  respect  to  products  requiring  qualification, 
awards  will  be  made  onl,  tor  such  products  as  have,  prior  to  the  time  set 
for  opening  of  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 
Qualified  Products  List  whetlier  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this  require¬ 
ment,  and  manufacturers  are  urged  to  arrange  to  have  the  products  that  they 
propose  to  offer  to  the  Federal  Government,  tested  for  qualification,  in 
order  that  they  may  be  eligible  to  be  awarded  contracts  or  orders  for  the 
products  covered  by  this  specification.  The  activity  responsible  for  the 
Qualified  Products  List  is  the  Bureau  of  Naval  Weapons,  Wavy  Department, 
Washington  25,  D.  C.j  however,  information  pertaining  to  qualification  of 
products  may  be  obtained  for  the  Commanding  Officer,  U.  S»  Naval  Air  Material 
Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE ;  V/hen  Government  drawings,  specifications,  or  other 
'  data  are  used  for  any  purpose  other  than  in  connection 

with  a  definitely  related  Government  procurement 
operation,  the  United  States  Government  thereby  incurs 
no  responsibility  nor  any  obligation  whatsoeverj  and 
the  fact  that  the  Government  may  have  formulated, 
furnished,  or  any  way  supplied  the  said  drawings, 
specifications,  or  other  data  is  not  to  be  regarded  by 
implication  or  othesrwise  as  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying 
any  rights  or  permission  to  manufacture,  use,  or  sell 
any  patented  invention  that  may  in  any  way  be  related 
thereto. 

Cuutodianj ; 

Navy  -  Bureau  of  Naval  Weapons 
Air  Force 


Preparing  Activity; 

Wavy  -  Bureau  of  Naval  Weapons 
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Time  -  Tempeiattae  Spectrum 


APPENDIX  VII 

Suggested  MIL  Specification  for  Pressure  Operated 
Shut-Off  Valve 

Suggested  MS  Standard  For  Pressure  Operated 
Shut-Off  Valve 
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MILITARY  SPECIFICATION 

VALVES:  AIRCRAFT  HYDRAULIC  PRESSURE  OPERATED  SHOT-OFF 


1.  SCOPE 

1.1  Scope.-  This  specification  covers  cartridge -tju®  modvilar 
hydraulic  presstrre  operated  shut-off  valves  for  use  in  Type  III  aircraft 
hydraulic  systems  conforming  to  Specification  MIL-H-889I. 

1.2  Classification.-  Shut-off  valves  shall  be  of  the  follovring  classes: 
Class  1  -  0  to  gallons  per  minute  capacity 

Class  2  -  0  to  12  gallons  per  minute  capacity 
Class  3  -  0  to  25  gallons  per  minute  capacity 

1.3  Size.-  Presstire  operated  shut-off  valve  shall  be  furnished  in 

'•  sizes  indicated  on  MS  Drawing. 

2.  APPLICABLE  DOCUMENTS 

2»1  The  following  documents  of  the  issue  in  effect  on  date  of 
invitation  for  bids,  form  a  part  of  this  specification: 

SPECIFICATIONS 


Federal 

PPP-T-60 

Military 

MIL-B-121 

MIL-I-6866 

MIL-I-6868 

MIL-H-6875 

MIL-S-TT^^-S 

MIL-M-7911 

MIL-H-8446 

MIL-H-8891 

MIL-D-70327 

Standards 

MIL-STD-IO 

MIL-STD-129 

MIL-STD-I30 


Tape,  Pressure  Sensitive  Adhesive,  Waterproof 


Barrier  I'feterial,  Greaseproofed;  Flexible  Waterproofed 
Inspection,  Penetrant  Method  of 
Inspection  Process,  Magnetic  Particle 

Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 
Screw  Threads,  Standard,  Aeronautical 
Marking,  Identification  of  Aeronautical  Equipment, 
Assemblies  and  Parts 

Hydraulic  Fluid,  Non -petroleum  Base,  Aircraft 
Hydra\fLic  Systems,  Type  III,  Design,  Installation,  Tests 
and  Data  Requirements,  Aircraft,  General  Specification  For 
Drawings,  Engineering  and  Associated  Lists 


Surface  Roughness,  Waviness  and  Lay 
Marking  for  Shipiient  and  Storage 
Specifications  and  Standards,  Use  of 
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MS-33540  Safety  Wii'ing,  General  Practices  For 

MS-2b995  Wire -Lock 

Bravlnga 

MS-  Shuttle  Valve,  Modular,  Envelope  For 

2.2  Other  Publications.-  Where  it  becotnea  naceasairy  to  use  publications 
other  than  those  listed  in  2.1,  ■ttiey  shall  be  selected  in  the  order  of 
precedence  set  foarth  in  MIL-STD-143.  Where  contractor  material  and  process 
specifications  are  premitted  under  MIL-STD-143,  they  shall  contain  provisions 
for  adequate  tests  and  inspection. 

3.  REQUIREMENTS 

3.1  Qualification.-  The  shut-off  valve  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  passed  the  qualification  teste 
specified  herein  and  has  been  listed  on,  or  approved  for  listing  on,  the 
applicable  qualified  products  list. 

3.2  Materials  and  Processes.-  Materials  and  processes  used  in  the 
manufacture  of  these  valves  shall  conform  to  the  following  requirements  and 
to  applicable  specifications  as  defined  in  Section  2: 

3.2.1  Metaia.-  All  metals  shall  be  compatible  with  the  fluid  and 
intended  temperature,  functional,  service,  and  storage  conditions  to  which 
the  components  will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting 
type  or  shall  be  adequately  protected  to  resist  corrosion,  diu’ing  normal 
service  life  of  the  valve  assemblies,  which  may  result  from  such  conditions 
as  dissimilar  metal  combinations,  raoistiire,  salt  spray  and  hi^  tempSrature 
deterioration,  as  applicable.  Copper,  aluminum,  and  magnesium  alloys  shall  be 
used  only  with  the  approval  of  the  procuring  activity.  Ferrous  alloys  shall 
have  a  chromium  content  of  not  less  than  12  per  cent  or  shall  be  suitably 
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protected  against  corrosion.  In  addition,  cadmium  and  zinc  platings  shall 
not  be  used  for  internal  parts  or  on  Internal  surfaces  in  contact  with 
hydraulic  fluid  or  exposed  to  its  vapors. 

3.2.2  Sub-zero  Stabilization  of  Steel.-  Close-fitting,  sliding  steel 
parts  shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6875 
to  reduce  warpage  tendencies. 

3.2.3  Plastic  Parts.-  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  procuring  activity  for  each  application. 

3.3  Parts.-  Standard  parts  selected  in  accordance  with  Section  2  shall 
be  used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  Identified 

on  the  drawing  by  their  part  numbers.  Commercial  utility  parts  such  as  screws, 
bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration 
and  provided  the  approved  standard  part  is  referenced  in  the  parts  list  and, 
if  practicable,  on  the  contractor's  drawings. 

3.U  Design  and  Construction. 

3.U.I  Envelope.-  The  external  configuration,  dimensions,  and  other  details 
of  the  design  shall  conform  to  the  requirements  of  this  specification, 

MS _ and  applicable  drawings. 

3.4.2  Hydraulic  Fluid.-  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  Range.-  The  valves  shall  be  designed  to  meet  the 
fiuictlonal  and  operational  requirements  of  this  specification  throughout  a 
range  of  -65‘’F  to  450°F  fluid  temperature  and  -65°F  to  650'’F  ambient  temperature. 
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3.4.4  Kireads.-  Only  class  3  straight  threads  conforming  to  Specification 
MIL-S-7742  shall  be  used. 

3.4.5  Seals.-  Seals  shall  be  of  metallic  construction  and  shall  be 
approved  by  the  procuring  agency. 

3.4.6  Safetying.-  Threaded  parts  shall  be  positively  loclted  or  safetied 
by  safety -wiring,  self -locking  nuts,  or  other  approved  methods.  Safety  wire 
shall  be  applied  in  accordance  with  Standard  Drawings  MS-33540  and  MS-20995. 

3.4.7  Retainer  Rings.-  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  aiap  rings  shall  not  be  used 
in  hydraiilic  equipnent  where  failure  of  the  ring  will  allow  blovr  apart  or 
jamming  of  the  valve. 

3.4.8  Structural  Strength.-  The  valves  shall  have  sufficient  strength 
to  withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure, 
temperature  variations,  and  installation. 

3.4.9  Weight  -  The  weight  shall  be  kept  to  a  minimum  consistent  with 
good  design,  and  shall  be  as  specified  on  the  applicable  drawing, 

3.4.10  Mounting  Position.-  The  valves  shall  satisfy  the  performance 
requirements  when  mounted  in  any  position. 

3.4.11  Flow 

3.4.11.1  Rated  Plow.-  The  valves  shall  be  designed  to  pass  rated  flow 
per  1.2,  and  shall  be  capable  of  passing  I50  percent  of  rated  flow  without 
damage  to  the  valve. 
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3.i|-.11.2  Plcnr  Control  -  Valve  position  shall  bo  controlled  by  hydraulic 
pressure  applied  at  the  control  presstire  port.  (Refer  to  Figure  l) .  The  valves 
shall  be  designed  to  pass  rated  flow  from  inlet  port  to  outlet  port  with  the 
valve  in  the  open  position.  The  valve  shall  block  floio^  from  inlet  to  outlet 
with  the  valve  in  the  shut-off  position.  The  valve  shall  be  spring  loaded  to 
the  shut-off  position  in  case  of  control  pressure  failure.  A  return  pressure 
cavity  shall  be  included  so  that  leatoge  past  internal  slider  can  be  directed 
back  to  retuu'n  rather  than  overboard. 


POSITION 


POSITION 


FIGURE  1 

SCHEMATIC  car  FLOW  CONTROL 

3.4.12  Surface  Roughness  -  Surface  roughness  finishes  shall  be 
established  and  shall  be  s:^cified  on  the  manufacturer's  assembly  drawings 
as  outlined  in  MlL-STD-10. 

3.5  Interchangeability 

3.5.1  Manufacturer's  Parts  -  All  parts  having  the  same  manufacturer's 
part  number  shall  be  directly  and  completely  interchangeable  with  each  other 
with  respect  to  Installation  and  performance.  Changes  in  manufacturer's 
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part  numbers  shall  be  governed  by  the  drawing  munber  requirements  of 
Specification  MIL-D-70327*  Subassemblies,  composed  of  selected  mating 
components,  must  be  interchangeable  as  assembled  units,  and  shall  be  so 
indicated  on  the  manufacturer’s  drawings.  Tlie  individual  components  of 
such  assembled  units  need  not  be  interchangeable. 

3.5.2  Maintainability.-  Modular  valves  shall  be  self-contained 
components  such  that  a  valve  may  be  removed  from  one  housing  and  inserted 
-into  another  without  any  detail  disassembly,  readjustment  of  setting,  or 
impairment  of  function. 

3.6  Identification.-  Each  valve  shall  have  the  Identifying  markings 
placed  on  the  hex  head  or  the  flange  so  that  the  identification  can  be  read 
when  the  valve  is  installed  in  a  manifold  cavity.  Each  valve  shall  be 
permanently  and  legibly  marked  with  the  following  information,  per  MIL-M-7911. 

Valve,  Shut-off 

MS  No. 

Manufacturer's  Part  No. 

Manufacturer's  Name  or  Trademark 

In  addition,  the  pressure  setting  shall  be  stamped  into  a  metal  tag  which 
is  attached  to  the  safety  vrire  securing  the  adjustment  or  adjustment  cover. 

3.7  Workmanship 

3*7.1  Quality.-  Workmanship  shall  be  of  sufficiently  high  quality  to 
inswe  satisfactory  operation  and  service  life.  The  mamifacturer  shall  exercise 
extreme  care  in  fabricating,  assembling,  handling,  and  packaging  valves  to 
assure  that  the  components  are  clean  and  free  of  contaminant.  All  parts 
shall  be  free  from  pits,  rust,  scrapes,  splits,  cracks,  buhrs,  and  sharp  edges. 
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3.7*2  Physical  Defect  Inspection.-  A.11  magnetizable  highly  stressed  parts 
shall  be  subjected  to  magnetic  inspection  in  accordance  with  Specification 
MIL-I-6868.  Cracks  or  other  Injurious  defects  disclosed  by  the  inspection 
shall  be  cause  for  rejection.  All  non-^raagnetizable  highly  stressed  parts 
shall  be  subjected  to  fluorescent  penetrant  inspection  in  accordance  with 
Specification  MIL-I-6866.  Cracks  or  other  Injurious  defects  disclosed  by 
the  inspection  shall  be  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  Pressure.-  The  valves  shall  be  designed  to  operate 
satisfactorily  in  a  hydraulic  system^  having  a  rated  pressure  k,000  psi, 
when  tested  per  l4-.6,4. 

3.8.2  Operating  Pressure.-  The  valves  shall  be  designed  to  insure 
satisfactory  operation  and  service  life  throughout  the  operating  range  of 
0  to  4,000  psi,  when  tested  per  4.6.4.  The  valves  shall  be  capable  of 
operation  at  6,000  psi. 

3.8.3  Proof  Pressure.-  The  valves  shall  be  designed  to  withstand  a 
proof  pressure  of  6,000  psi,  when  tested  per  4.6.2  and  there  shall  be  no 
evidence  of  external  leakage,  permanent  set,  or  other  damage. 

3.8.4  Burst  Pressure.-  The  valves  shall  be  designed  so  as  not  to 
burst  at  any  pressure  below  10,000  psi,  when  tested  per  4.6.8. 

3.8.5  Net  Pressure  Drop  and  Pull  Open  Position. 

3. 8. 5.1  Full  Open  Position.-  The  full  open  position  of  the  valves  shall  be 
defined  as  that  condition  during  increasing  pressure  at  which  the  rated  flow  from 
inlet  port  to  outlet  port  produces  a  net  pressure  drop  across  the  valve  of  25  psi, 
when  tested  per  4.6.4.  The  pressure  at  the  inlet  port  shall  be  4,000  psi. 
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3.8, 5.2  Net  Pressure  Drop.-  The  net  pressure  of  the  valves  shall 

be  the  difference  In  pressure  drop  across  the  housing  .  ith  the  valve  installed 
and  the  pressure  drop  across  the  housing  with  the  valve  removed  and  the  correspond! 
cavity  plugged,  when  tested  per  h,6.k.  Net  pressure  drop  shall  not  exceed 
25  psi  at  rated  flow  and  room  temperature,  when  tested  per  4. 6. '4.  There  shall  be 
no  evidence  of  external  leakage. 

3.8.6  Lealfflge  and  Shut-Off  Position 

3. 8. 6.1  Shut-Off  Position.-  Shut-off  position  of  the  valves  shall  be 
defined  as  that  condition  during  decreasing  pressure  at  which  the  lealtage  from 
inlet  port  to  outlet  port  does  not  exceed  or  is  less  than  the  values  of  Table  I, 
when  tested  per  4.6.4«  The  pressure  at  the  inlet  port  shall  be  4,000  psi. 

3. 8. 6. 2  Leakage.-  With  pressures  applied  to  ports  individually  and 
in  combination,  the  combined  leakage  from  the  unpressurized  ports  shall  not 
exceed  the  values  noted  in  Table  I,  when  tested  per  4.6.3, 


TABLE  I 

MAXIMUM  ALLOWABLE  CCMBINED  LEAKAGE 


VALVE 

CCMBINED 

CLASS 

LEAKAGE 

1 

8cc/min. 

2 

lOcc/min. 

3 

12cc/min. 

3.8.7  Control  Press\a?e.-  The  valves  shall  be  designed  so  that  the 
pressure  settings  can  be  adjusted  within  the  limits  noted  in  Table  II. 

The  difference  of  pressvire  between  full  open  and  shut-off  shall  not  exceed  350  psi, 
when  tested  per  4.6.4. 
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TABLE  II 


PRESSURE 

SETTING 

RETURN 

PRESSURE 

PULL  OPEN 

PRESSURE 

SHUT-OFF 

PRESSURE 

1 

400  psi 

1600  psi  MAX 

1250  psi  MIN 

50  psi 

1250  psi  MAX 

900  psi  MIN 

2 

400  psi 

2000  psi  MAX 

1650  psi  MIN 

50  psi 

1650  psi  MAX 

1300  psi  MIN 

3.8.8  Extreme  Temperature  Performance. 

3. 8. 8.1  Low  Temperature.-  The  valves  shall  operate  satisfactorily 
within  the  limits  of  Tables  I  and  II,  except  that  the  net  pressure  drop  at 
rated  flow  shall  not  exceed  100  psi  at  -65“F  and  80  psi  at  -20®F,  when  tested  per 

4. 6. 5.1. 

3. 8. 8. 2  Rapid  Warm-Up.-  The  valves  shall  operate  satisfactorily  vrithln 
th-j  limits  of  Tables  I  and  II  during  rapid  warm-up,  when  tested  per  4. 6. 5. 2. 

3. 8. 8. 3  High  Temperature.-  The  valves  shall  operate  satisfactorily 
within  the  limits  of  Tables  I  and  II,  when  tested  per  4.6. 5.3* 

3.8.9  Endurance  Cycling.-  The  valves  shall  meet  the  leakage  requirements 
of  Table  I,  increased  by  fifty  percent,  after  20,000  cycles  of  operation,  at 

l4  epm,  when  tested  per  4,6.6.  During  cycling  there  shall  be  no  evidence  of 
seizing  or  binding  of  mating  parts. 

3.8.10  Vibration.-  The  valves  shall  be  capable  of  withstanding  vibrations 
from  5  to  2,000  cps  with  an  amplitude  of  0,04  inch  (0,08  inch  total  excursion) 
or  "15  g's", whichever  is  limiting,  along  three  mutually  perpendicular  axes,  when 
tested  per  4.6.7,  except  that  allowed  internal  leakage  may  be  increased  50  percent. 
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4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  Responsibility.-  Unless  othei^rise  specified  herein,  the 
manufacturer  is  responsible  for  the  performance  of  all  inspection  requirements 
prior  to  submission  for  OovernJiBnt  inspection  and  acceptance.  Except  as 
otherwise  specified,  the  manufacturer  may  utilize  his  own  facilities  or  any 
commercial  laboratory  acceptable  to  the  Government.  Inspection  records  of  the 
examinations  and  tests  shall  be  kept  complete  and  available  to  the  Government 
as  specified  in  the  contract  or  order. 

4.2  Classification  of  Tests.-  The  inspection  and  testing  of  the  valves  shall 
be  classified  as  follows : 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  Tests. 

4.3.1  Sampling  Instructions . 

4. 3. 1.1  Samples  of  pressure  operated  shut-off  valves  for  qualification  tests 
shall  consist  of  one  specimen  of  each  class  valve  upon  which  qualification  is 
desired. 

4. 3. 1.2  The  specimen  shall  be  assembled  of  parts  which  conform  to 
manufacturer's  drawings. 

4. 3. 1.3  The  manufactiurer  shall  provide  calculations  showing  that  adequate 
clearance  of  moving  parts  is  provided  at  -65°F  and  450°F,  using  the  most 
adverse  dimensions.  The  room  temperature  reference  point  shall  be  'J0°F, 

4.3.2  Qualification  Tests.-  Tlie  qualification  tests  shall  consist  of  the 
following  tests  which  shall  be  conducted  in  the  order  listed.  All  tests  are 
described  under  4.6  of  this  specification.  Unless  othervrise  noted,  the  valve 
shall  be  adjusted  to  pressure  setting  number  1  noted  in  Table  II. 
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(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 


Examination  of  product  per  4.6.1. 

Proof  pressure  per  4.6,2. 

Leakage  per  4.6.3. 

Functioning  per  4.6.4. 

Extreme  temperature  performance  per  4.6.5. 
Endurance  per  4.6.6. 

Vibration  per  4.6.7. 

Burst  pressure  per  4.6.8. 


4.4  Acceptance  Tests.-  Acceptance  tests  shall  be  performed  on  individual 
valves  or  lots  which  have  been  submitted  under  contract  to  determine  conformance 
of  the  products  or  lots  with  requirements  set  forth  in  this  specification  prior 
to  acceptance.  Each  check  valve  shall  be  subjected  to  the  following  tests: 

(a)  Examination  of  product  per  4.6.1. 

(b)  Proof  pressure  per  4.6.2. 

(c)  Leakage  per  4,6.3. 

(d)  Functioning  per  4.6.4. 

4.5  Test  Conditions. 

4.5.1  Test  Fluid.-  Ihe  test  fluid  shall  conform  to  Specification  MIL-H-8446, 

4.5.2  Fluid  Temperature.-  If  the  fluid  temperature  is  not  othervrise 
specified  for  a  given  test,  it  shall  be  95115*^ for  that  particular  test.  The  outlet 
fluid  temi)erature  shall  be  specified,  and  the  inlet  fluid  temperature  may  be  reduced 
to  corapensa'be  for  heat  generation.  The  fluid  temperature  shall  be  measured  as 
near  as  practicable  to  the  valve  ports.  During  all  soaking  periods,  the 
component  shall  be  bled  of  air  and  inert  gas  and  maintained  full  of  fluid. 
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4.5.3  Contamination.-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  shall  be  added  through  the  reservoir  of  the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer  or 
shall  be  externally  excited  so  as  to  Iceep  the  contaminant  continuously  agitated  C(r 
mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  per 
three  gallons  system  fluid  capacity  has  been  introduced.  The  test  dust  shall  be 
apportioned  as  follows: 

Size  of  Particle  Percent  by  Weight  of  Total 

0  to  5  micron  39±2 

5  to  10  micron  I8+3 

10  to  20  micron  16+3 

20  to  40  micron  l8t3 

over  40  micron  9-3 

4.5.4  Filtration.-  The  test  fluid  shall  be  continuously  filtered  through 
a  filter  which  has  a  maximum  opening  that  does  not  exceed  25  microns.  The 
filter  and  element  used  shall  be  satisfactory  for  the  temperature  range 
encountered,  and  cleaned  or  changed  regularly  to  prevent  clogging. 

4.5.5  Test  Housing 

4. 5. 5-1  Qualification  test  Housing.-  All  tests  in  4.3.2  shall  be  conducted 
in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  cavity.  The 
test  housing  must  be  acceptable  to  the  procuring  agency. 

4. 5. 5. 2  Acceptance  Test  Housing.-  The  tests  in  4.4.  may  be  conducted 
in  the  qualification  test  housing  or  in  a  housing  having  any  other  external 


configuration. 
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4.5.6  Net  Presstire  and  TJare  Presstire  Readings.-  The  net  pressixre  drop  shall 
be  determined  by  subtracting  the  tare  pressure  readings  from  the  pressure  drop 
readings  obtained  with  the  valve  in  the  test  housing.  Tare  pressure  shall  be 
determined  by  removing  the  valve  from  the  test  housing  and  plugging  all  openings 
except  the  inlet  and  outlet  ports.  Tare  pressure  readings  shall  be  determined  at 
rated  flows  with  fluid  atabllized  at  temperatures  required  by  section  4.6  of 

this  specification, 

4.6  Test  Methods. 

4.6.1  Examination  of  Product.-  Each  valve  shall  be  carefully  examined  to 
determine  conformance  with  the  requirements  of  this  specification  for 
workmanship,  marking,  conformance  to  applicable  drawings,  or  for  any  visible  defects. 
The  determination  of  surface  finish  shall  be  made  with  a  profllometer, 
comparator  brush  analyzer,  or  other  equally  suitable  comparison  equipment 

with  an  accuracy  of  ±5  micro-inches  at  the  level  being  measured. 

4.6.2  Proof  Pressvire.-  Proof  pressure  of  6000  psi  shall  be  applied  to  the 
control  pressvire  port  and  the  inlet  port,  individually  and  also  simultaneously,. 

Non  pressurized  ports  shall  be  open  to  return  or  to  atmosphere .  Proof  pressure 
of  3000  psi  shall  be  applied  to  the  retvacn  port.  The  rate  of  applying  pressure 
shall  not  exceed  25,000  psi  per  minute.  The  valve  shall  be  filled  with  fluid 
and  stabilized  at  450115°?  for  qualification  tests.  For  acceptance  tests,  proof 
pressure  tests  shall  be  conducted  at  95±15°F.  The  proof  pressures  shall  be 

held  for  at  least  two  minutes,  and  there  shall  be  no  evidence  of  external  leakage, 
permanent  set  or  other  damage. 

4.6.3  Leakage  at  Room  Temperature.-  With  a  test  set  up  similar  to  Figure  2 
the  valve  and  fluid  shall  be  stabilized  at  a  temperature  of  95°P±15'’F.  Pressure 
shall  be  applied  to  the  valve  in  the  sequence  described  below  and  the  valve 
shall  be  actuated  after  each  test; 
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a.  Apply  4,000  pal  to  inlet  port. 

b.  Apply  4,000  pal  to  inlet,  outlet,  and  control  porta. 

c.  Apply  4,000  pai  to  inlet  and  2,000  pai  to  the  return  port. 

In  each  caae  unpreaaurized  ports  shall  be  open  and  presaures  shall  be  applied 
for  ten  minute  periods.  In  each  case  the  combined  leakage  from  the  open  ports 

shall  not  exceed  the  values  given  in  TJable  1.  External  leakage  shall  be  zero. 

4,6.4  Function  Test. 

4. 6. 4.1  Function  Test  for  Qualification.-  The  valve  shall  be  adjusted,  to 

meet  the  requirements  of  setting  No.  1  in  Table  II  with  4000  psi  on  the  inlet 
port.  With  a  test  set-up  similar  to  Figure  3>  apply  rated  flow  and  rated 
pressure  to  the  inlet  port  and  50  psi  to  the  return  port.  Cycle  the  valve 
by  increasing  control  pressure  to  4,000  psi  and  then  reducing  pressure  to  zero. 

After  cycling  valve,  apply  4000  psi  to  the  inlet  port  and  gradually  increase  control 

pressure  until  the  valve  opens  enough  to  allow  rated  flow  from  inlet  to  outlet 
at  a  net  pressure  drop  across  the  valve  eqml  to  25  psi  or  less.  At  this  condition 
the  valve  shall  be  considered  "full  open."  The  control  pressure  at  "full  open" 
shall  not  exceed  I25O  psi.  Net  pressure  drop  shall  be  determined  as  the 
difference  in  pressure  drop  across  the  housing  with  the  valve  installed  and  the 
pressure  drop  across  the  housing  with  the  valve  removed  and  the  corresponding 
cavity  plugged.  Continue  to  increase  control  pressure  until  4,000  psi  is 
reached,  then  gradually  reduce  control  pressure  \mtil  valve  shuts  off  flow 
from  inlet  to  outlet.  Shut-off  position  is  recognized  when  leakage  from  inlet  to 
outlet  does  not  exceed  the  values  given  in  Table  I.  Control  pressure  at  shut-off 
shall  not  be  less  than  9OO  psi.  Without  changing  the  adjustment  repeat  the 
above  procedure  with  return  pressure  Increased  to  400  psi.  Upon  increasing 
control  pressure  the  valve  shall  move  to  "full  open"  position  at  I600  psi 
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Tnaxiraum.  Upon  decreasing  pressure  the  valve  shall  shut  off  at  1250  psi 
minimum.  Repeat  the  above  procedxire  with  the  valve  ad;)uBted  to  meet  the 
requirements  of  setting  No.  2  in  Table  II. 

4.6.t.2  Function  Test  for  Acceptance.-  The  valves  shall  be  adjusted  to 
open  at  the  control  pressxjre  specified  in  the  procurement  document  when  delivered 
to  the  procuring  agency.  The  iralves  shall  be  acceptance  tested  for  proper 
functioning  per  4. 6. 4.1  except  that  the  control  pressure  at  full  open  shall  not 
exceed  that  specified  in  the  procurement  document.  Control  pressure  at  shut-off 
shall  not  be  less  than  350  psi  below  the  control  pressure  at  full  open  as  specified 
in  the  procurment  document.  The  return  pressure  to  be  used  in  this  test  shall  also 
be  as  specified  in  the  procurement  docvunent. 

4.6.5  Extreme  Temperature  Performance. 

4. 6. 5.1  Low  Temperat'ure  Functioning.-  With  a  test  set  up  similar  to 
Figure  3)  the  valve  and  fluid  shall  be  soaked  for  a  minimum  of  8  hours  at  -65“F 
or  lower.  While  maintaining  oil  temperature  at  -65‘’F  or  lower,  apply  50  psi  to 
the  return  port  and  sufficient  pressure  to  the  inlet  port  (approximately  100  to 
200  psi)  to  drive  rated  flow  from  inlet  to  outlet.  Gradually  apply  I25O  psi  to 
the  control  port.  The  valve  shall  open  and  rated  flow  shall  flow  from  inlet 
to  outlet  with  a  net  pressure  drop  across  the  valve  not  exceeding  100  psi. 

Continue  increasing  control  port  pressure  to  4,000  psi.  Net  pressure  drop 
with  rated  flow  across  the  valve  shall  still  not  exceed  100  psi.  Decrease 
control  pressure  to  9OO  psi.  Flow  from  inlet  to  outlet  shall  cease.  Increase 
pressure  at  inlet  port  to  4,000  psi.  Lealtage  from  inlet  to  outlet  shall  not 
exceed  values  given  in  Table  I,  Continue  decreasing  control  pressiire  to  zero. 
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I,eakage  from  inlet  to  outlet  shall  not  exceed  values  given  in  Table  I,  The 
temperature  of  the  set  up  shall  be  allowed  to  warm  up  to  “20±7®P.  The  “65‘’P 
function  test  above  shall  be  repeated  with  the  fluid  and  ambient  temperature 
maintained  at  “20®P±7‘‘F*  Net  pressure  drop  across  the  valve  at  rated  flow 
shall  not  exceed  80  pai  with  oil  temperature  of  -20°F+7*’F*  Leakage  from  inlet 
to  outlet  with  valve  in  the  shut-off  position  shall  not  exceed  values  given  in 
Table  I.  The  leakage  test  of  4. 6. 3  shall  be  repeated  with  the  fluid  and  valve 
stabilized  at,  a  temperature  of  -20®F±7‘‘F. 

4. 6. 5* 2  Rapid  warm-up  to  450“F,-  The  low  tempera txire  test  set  up  shall  be 
allowed  to  warm  up  rapidly  to  a  temperature  of  450°F.  While  the  temperature  is 
increasing  and  without  waiting  for  it  to  stabilize  throughout  the  setup,  valve 
full-open  and  shut-off  positions  shall  be  checked.  These  checks  shall  be  made 
at  inlet  fluid  teraperatiu?es  of  approximately  60°P.,  140®!?,,  220°F.,  300®P.,  380°F, 
and  450®F.  Each  check  shall  be  made  in  the  following  manner:  With  50  psi  applied 
to  the  return  port  and  4,000  psi  applied  to  the  inlet  port,  gradually  apply  1250 
psi  to  the  control  port.  The  valve  shall  open  and  rated  flow  shall  flow  from 
inlet  to  outlet  with  a  net  pressure  drop  across  the  valve  not  exceeding  25  Psi. 

The  control  pressure  shall  be  further  increased  to  4,000  psi.  Control  pressure 
shall  then  be  decreased  to  9OO  psi.  Flow  from  inlet  to  outlet  shall  cease.  Leakage 
from  inlet  to  outlet  shall  not  exceed  values  given  in  Table  I. 

4. 6, 5. 3  High  Temperature  Leakage.-  Repeat  the  lealtage  test  of  paragraph 
4.6,3  except  the  valve  and  fluid  shall  be  stabilized  at  a  temperature  of  450®F±15®F. 

4.6.6  Endurance  Cycling.-  With  a  test  set-up  similar  to  Figure  3,  the  valve 
shall  be  subjected  to  20,000  functioning  cycles  at  a  rate  of  approximately  l4  cpm. 
Each  cycle  shall  consist  of  a  pressure  application  of  4,000  psi  to  the  actuation 
pressure  port  followed  by  a  reduction  of  pressure  to  500  pai  or  less.  During 
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this  test  4,000  pal  shall  be  applied  to  the  inlet  port  and  flow  through  the  valve 
shall  be  in  the  range  indicated  for  Class  1,  2,  and  3  valves,  paragraph  3 *4 *11.1 
and  1.2.  The  test  shall  be  conducted  while  the  valve  and  fluid  undergoes  a  time- 
temperature  spectrum  as  shown  in  Figure  4.  The  20,000  cycles  shall  be  accomplished 
by  repeating  the  spectrum  4  times i  The  valve  and  fluid  shall  be  soaked  at  -65“P 
or  lower  for  8  hours  prior  to  each  spectrum.  After  completion  of  the  20,000 
cycles  the  valve  shall  undergo  the  leakage  teat,  paragraph  4.6.3  and  the 
leakage  rate  shall  not  exceed  the  leakage  values  given  in  'feble  I  by  more  than 
50  percent.  During  the  cycling  there  shall  be  no  seizing  or  binding  of  mating 
parts.  The  return  line  pressure  shall  be  approximately  50  psi  for  the  entire 
endurance  cycling. 

4,6.7  Vibration  Test. 

a.  The  full  flow  pressure  adjustment  shall  be  adjusted  to  each 
extreme  adjustment  position  15  times  prior  to  this  test.  The  valve  shall  then 
be  adjusted  to  meet  the  requirements  of  setting  Wo.  1  in  Table  II.  With  the 
fluid  maintained  at  95±15'’P,  the  valve  shall  be  cycled  at  a  rate  of  approximately 
14  cycles  per  minute.  Cycling  shall  be  accomplished  by  applying  rated  pressure  to 
the  pressure  control  port  and  then  reducing  pressxure  to  zero.  During  this  test 
4,000  psi  shall  be  applied  to  the  inlet  port.  While  the  valve  is  being  cycled  it 
shall  be  vibrated  in  a  horizontal  direction  for  20  minutes  with  frequency  varying 
between  5  and  2000  cps.  The  amplitude  shall  be  0.04  inches  (0.08  inch  total 
excursion)  or  15  G's,  whichever  is  limiting.  This  frequency  stirvey  shall  be 
repeated  2  times  and  the  frequency  of  any  and  all  resonant  points  (natural 
frequencies)  shall  be  noted.  Vibrate  the  valve  for  90  minutes  at  the  most 
severe  resonant  frequency  noted  above  at  0.08  inch  total  excursion  or  15  G's 
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■whichever  ie  less  severe.  If  no  resonant  vibration  is  noted,  vibrate  the 
valve  at  500  ops.  At  23  minute  intervals  during  this  90  minute  tost  and  at 
a  frequency  10  percent  above  or  below  the  natural  frequency,  a  check  shall 
be  made  to  assure  that  the  full  flow  pressure  setting  has  not  changed  more 
than  1  percent  from  the  original  setting. 

b.  Repeat  (a)  changing  the  direction  of  vibration  90“  horizontally. 

c.  Repeat  (a)  changing  the  direction  of  vibration  to  vertical, 

d.  After  ccaipletion  of  (a),  (b),  and  (c),  the  valve  shall  be  checfejd 
per  paragraph  4.6.3  except  that  the  allowed  internal  leakage  may  be  increased 

50  percent.  The  teat  of  4. 6. 4.1  shall  be  performed  and  the  operational  requirement! 
therein  satisfied. 

e.  The  valve  shall  then  be  removed  from  the  manifold  and  visually 
inspected  for  any  mechanical  failure  or  excessive  wear. 

4.6.8  Burst  Pressure.-  With  the  outlet  flow  port  plugged,  pressure  shali  be 
applied  to  both  the  inlet  port  and  the  control  pressure  port  simultaneously 
at  a  rate  not  to  exceed  25,000  psi  per  minute  until  10,000  psi  is  reached.  This 
pressure  shall  be  held  for  two  minutes  without  ruptixre  of  internal  or  external 
parts.  The  fluid  temperature  shall  be  95±15“F  for  this  test.  Apply  5000  psi 
to  the  return  port  at  the  same  rate  and  hold  for  2  minutes.  The  valve  shall  be 
removed  from  the  test  manifold  and  vismlly  inspected  for  any  mechanical 
failtires. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  Packaging.-  Each  component  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of  components 
shall  be  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior 
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to  sealing.  The  component  shall  then  be  wrapped  or  bagged  in  grade  k  grease¬ 
proof  paper  confonning  to  Specification  MIL-B-121  and  seali^d  with  tape  conforming 
Specification  PPP-T-60.  Each  wrapped  component  shall  be  paclcaged  in  accordance 
with  the  raanufactvirer's  commercial  practices. 

5.2  Marking  of  Shipnents.-  Interior  packages  and  exterior  shipping  contains 
shall  be  marked  in  accordance  with  Standard  MIL~STD-129,  and  shall  include  the 
following: 

Stock  No.  as  specified  in  the  parchase  document 
Haae  of  part 
MS  Part  No. 

Month  and  year  of  manufacture 
Class  or  size 

6.  NOTES 

6.1  Intended  Use.-  The  pressure  operated  shut  off  valves  covered  by  this 
specification  and  intended  for  use  in  aircraft  and  missile  hydraulic  systems 
covered  by  Specification  MIL-H-8891,  and  operating  with  hydraulic  fluid 
conforming  to  Spiecificatlon  MIL-H-8k46  at  pressures  which  do  not  exceed  4,000 
psi.  The  shut  off  valve  is  further  intended  for  use  in  a  manifolded  or  packaged 
type  system. 

6.2  Ordering  Data.-  Procurement  documents  should  specify  the  following; 

(a)  Title,  number,  and  date  of  this  specification 

(b)  MS  part  number 

(c)  Class 

(d)  Federal  gtock  number 
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6.3  Qualification.-  With  respect  to  products  requiring  qualification, 
awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set 
for  opening  bids,  been  tested  and  approved  for  Inclusion  in  the  applicable 
Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this 
requirement,  and  manufactvirers  are  urged  to  arrange  to  have  the  products 
that  they  propose  to  offer  to  the  Federal  Government,  tested  for  qualification, 
in  order  that  they  may  be  eligible  to  be  awarded  contracts  or  orders  for  the 
products  covered  by  this  specification.  The  activity  responsible  for  the 
Qualified  Products  List  is  the  Bureau  of  Naval  Weapons,  Navy  Department, 
Washington  25,  D.  C.,  however,  InforTnation  pertaining  to  qualification  of 
products  may  be  obtained  from  the  Commanding  Officer,  I.'.  Naval  Air 
Material  Center,  Naval  Base,  Philadelphia  22,  Pennsylvania. 

NOTICE:  When  Government  drawings,  specifications,  or  other 
data  are  used  for  any  purpose  other  than  in  connection  with  a 
definitely  related  Government  procurement  operation,  the  United 
States  Government  thereby  incurs  no  responsibility  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Government  may 
have  formulated,  furnished,  or  any  way  supplied  the  said  drawing,, 
specifications,  or  other  data  is  not  to  be  regarded  by  implication 
or  otherwise  as  in  any  manner  licensing  the  holder  or  any  other 
person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in 
any  way  be  related  thereto. 

Custodians;  Preparing  activity; 

Ifavy  -  Bureau  of  Naval  Weapons  Navy  -  Bureau  of  Naval  Weapons 

Air  Force 
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FIGURE  2 

TjyPICAL  SET-UP  FOR  PROOF  &  LEAKAGE  TEST 


lYPICAL  SET-UP  FOR  FUNCTIONING,  ENDURANCE,  AMD  PRESSURE  DROP  TEST 


APPEMDIX  VIII 


Suggested  MIL  Specification  for  Solenoid  Operated  Sequence 

Valve 

Suggested  MS  Standard  for  Solenoid  Operated  Sequence 

Valve 


55 


FCO.  SOP  CUSS 


I 


P.A.  NAVI  UUWBPS 
Othtf  Gist 


-  1  VALVE 


T.TLe  y^LVE,  MODULAR  HYDRAUUC 
SOLENOID  OPERATED  SEQUENCE 


ll,000  FSI,  TXFE  Hi  SI5TEM 


MtllTASY  STAMDAtD 

MS 


SUPERSEDES: 


APPROVED  REVISED 


P.A.  mx  SUWEFS 
OtiMrCiitt 


VALVE, MODULAR  HYDRAULIC  MIHTilKY  STAMDAtD 

SOLENOID  OPERATED  SEQUENCE  ur 

It, 000  P3I,  TOT  III  5ISIEH  ™  » 


SHEETj  flPj 


APPROVED  REVISED 


FED.  SUP  CLASS 


PAHT  UUMBBR 

RATED  FLOW 

WEIGHT  (MAX) 

m  -1 

12  0PM 

-2 

25  OpIi 

1.50  POIRHIS 

DETAIL  REQUIREHEIITS 

TEMPERAKKiB  LIMITS  i  45rf¥  FLUID  AMD  650Pp  AMBIHiT  MAXD4JM.  VALVE  SHALL  FUHOTIOH  AS  -65*^. 
PDESSUHE:  OPERATmO  4000  PSI,  PEOOF  6,000  PSI,  BUHST  10,000  PSI 
PLUIDl  SPECIPIOATIOn  HIL-H-8446 
SEALS)  SPBCIFICATIQH  MIL- 

LIFE:  SEE  SPECIFICATIOH  MIL-  FOR  EHLURAKCE, 

HIESSURB  DROP)  SO  PSI  I4AXIMJM  AS  RASED  FLOW 

MATERIAL:  SEE  SPECIFICASION  HIL- 

FIHISH:  SEE  SPECIFICASIOH  MIL- 

IVICKINB  FINISHES)  SEAUKG  SURFACES  (tiOSED  SIMBOL  ▲  )  SHALL  BE  16 /RHR.  ALL  OTHER  SURFACES  SHALL  BE  IE! 
UNLESS  OTHERWISE  NOTED.  "v  ' 

TOLERAI.'CES:  THE  TWO  SEALTNO  SURFACES  (HI  THE  VALVE  SHALL  BE  PARALLEL  SO  EACH  OTBER  HISBII)  .002  FIR  AUB 
PERPENDICUIAB  TO  THE  AXIS  OF  VALVE  THREAD  WITHIN  .003  FIR.  ‘SHE  TWO  SEALmO  SURFACES  IN  THE  VALVE 
CAVrnt  SHALL  BE  PARALLEL  TO  EACH  OIHEB  HITMIN  .002  FIR  AND  PERPENDICUIAR  SO  THE  AXIS  OF  THE  CAVCK 
THREAD  WITHIN  .003  FIR.  SURFACES  DEFINED  DX  I.76  DIAMECER  (El  -1  VALVE  CAVXTX  AND  DIAMETSH  ON  -2 
VALVE  CAVXn  SHALL  BE  PERPENDICUIAR  TO  THE  RESPECTIVE  AXIS  OF  THE  CAVITT  THREAD  WITHIN  .001  FIR. 

LINEAR  TOIERANCE:  UNLESS  OTHERWISE  NOTED  A.Ol  HICB. 

ANGUIAR  TOIERANCE:  UNIESS  OTHERWISE  NOTED  t  2°. 

THIS  VALVE  IS  IHTEHIED  FOR  INSTAUATION  HI  A  MANIFOLD  OR  BOUBUIO  FOR  UBE  IN  4,000  FSI,  TIPE  III  HIBRAULIC 
SVSIEte  WITHIN  THE  UMm  SPECIFIED  HEREIN  AND  EV  SPECIFICATION  MIL  .  THE  ELECTRICAL  FOWPB 

USED  TO  ENEROIZE  THE  VALVE  SHALL  BE  DIRECT  CURRENT  IN  ACCORDANCE  WITH  SFECIFICAnat  iaL-E-7894ABO. 

BBALINO  SURFACES  ARE  DEHCirED  BY  THE  SIMBOL  A  . 

THREADS  SHALL  CONFORM  TO  MIL-3 -7742, 

THE  AFPIIOADLE  IB  PART  NUMBER,  THE  WORDS  "SESUEKCE  VALVE",  THE  RATED  PLOW,  AND  THE  HAEUFAOTUREH'S  HALE 
OR  TRADEMARK  SHALL  BE  PERMANENTLY  MARKED  ON  A  NAMEPUTE  OR  DIRECTIiY  OIIPO  TEE  SOLENOID  SO  THAT  THE 
IDENTIFICATIOII  IS  VISIBLE  WHEN  THE  VALVE  IS  INSTALLED. 

THE  VALVE  IS  TO  nUUCTIOB  AS  SHOWN  HI  THE  POLLOWHIO  SCHEMATIC. 
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MILITARY  SH5GIP1GATI0W 

VALVE;  AIRCRAFT?  HYDRAULIC  SODSNOID  OPERATED  SEQUENCE 


1.  SCOPE 


1.1  Scope.-  This  specification  covers  carfcridse-type,  modular  hydraulic, 
solenoid  operated,  sequence  valves,  for  use  in  Type  III  aircraft  hydraulic  systems 
conforming  to  Specification  MIL-H-8891. 

1.2  Classification.-  Solenoid  operated  sequence  valves  shall  be  of  the 
following  classes: 

Class  I  -  0  to  4  gallons  per  minute  capacity 
Class  2  -  0  to  12  gallons  per  minute  capacity 
Class  3  -  0  to  25  gallons  per  minute  capacity 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation  for 
bids,  form  a  part  of  tliis  specification  to  the  extent  specified: 

Specifications 

Federal 


PPP-T-60  Tape,  Pressure  Sensitive  Adhesive,  Waterproof 


Military 

MIL-B-121 
MIL- 1-6866 
MIL-I-6868 

MIL-H-6875 

MIL-S-T7^2 

MIL-E-7894 

MIL-M-7911 

MIL-H-8446 

MIL-H-8891 

MIL-D-70327 


Barrier  Material,  Greaseproof,  Flexible,  V/aterproofed 

Inspection,  Penetrant  Ftethod  of 

Inspection  Process,  Magnetic-Particle 

Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 

Screw  Threads,  Standard,  Aeronautical 

Electrical  Power,  Aircraft,  Gliaracteristics  of 

Marking,  Identification  of  Aeronautical  Equipment,  Asseiiiblies  and  Paarbs 
Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 

Hydjraulic  Systems,  Type  III  Design,  Installation,  Tests  and  Data 
Requirements,  General  Specification  for 
Drawings,  Engineering  and  Associated  Lists 


Standards 


MIL-STD-10;' 

MIL-STD-129 

MIL-STD-143 

ms-33540 

MS-20995 

STD.  No.  151 


Surface  Roughness,,  VJayiness  ^nd  Lay 
Marking  for  Shipment  and  Storage 
Specification  and  Standards,  Use  of 
Safety  Wiring  -  General  Practices  for 
Wire-Lock 

Federal  Teat  Method;  Metals,  Test  Methods 
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Specifications  (Cont) 

Praying 

MS-  Valve,  Solenoid  Operated  Sequence,  Modular,  Envelope  for 

2.2  Other  publications.-  Where  it  becomes  necessary  to  use  publications 
Other  than  those  listed  in  2.1,  they  shall  be  selected  in  the  order  of  precedence 
set  forth  in  MIL-STD-1^3*  Where  contractor  material  and  process  specifications 
are  permitted  under  MIL-STD-l^S,  they  shall  contain  provisions  for  adequate  tests 
and  inspection. 

3.  REQUIREMENTS 

3.1  Qualification.-  The  sequence  valve  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  passed  the  qualification  tests 
specified  herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  appli¬ 
cable  qualified  products  list. 

3.2  Nhterials  and  processes.-  Materials  and  processes  used  in  the  manufacture 
of  these  valves  shall  conform  to  the  following  requirements  and  to  applicable 
specifications  as  defined  in  Section  2. 

3.2.1  Metals*-  All  metals  shall  be  compatible  with  the  fluid  and  intended 
teijrperature,  functional,  service,  and  storage  cosaditions  to  which  the  cortgponents 
will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting  type  or  sliall  be 
adequately  protected  to  resist  corrosion  during  the  normal  service  life  of  the 
valve  which  may  result  from  such  conditions  as  dissimilar  metal  combinations, 
iiioisture,  salt  spray,  and  high- temperature  deterioration,  as  applicable.  Copper, 
aluminum,  and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the 
procuring  agency.  Ferrous  alloys  shall  have  a  chromium  content  of  not  less  than 
12  percent  or  shall  be  suitably  protected  against  corrosion.  In  addition. 


eadminw  and  aine  platini^a  etoll  not  be  uoed  foi’  Intorml  parts  or  on  intes^al 
Burfaeaf!  In  oontaet  vith  hydmulte  fluid  or  expowed  to  its  vapors  • 

3*a.2  Qub-gor©  fltabillgatlon  of  steol."  Gleso-fitting;  slidin^j  steel  parts 
shall  lie  eold  stahiligad  In  aaeordanee  with  opeeifleatien  MK(“H"^Q7P  t©  r§d«@§ 

warpngo  tendonsissi 

3.2.3  Plasti©  parte.-  Plaatie  parts  shall  h©  used  only  with  th©  approval  of 
the  procuring  a^eney  for  eash  applieation. 

3.3  Parts.-  Standard  parts  seleeted  in  aeeordanee  with  Soetien  2  shall  be 
uood  wherever  they  are  sultabki  for  the  purpose;  and  shall  b®  identified  ©a  the 
drawing  by  their  part  numbers.  Gomniereial  utility  parts  sueh  as  ssre^/S;  beltS; 
nutO;  eotter  pins,  ete.,  mtiy  be  used,  provided  they  possess  suitable  properties 
and  are  replaceable  b;-  approved  standard  parts  v/itljout  alteration  and  provided 
the  approved  standard  pai’t  is  referenced  in  tlio  parts  list  md,  if  practicable, 
on  the  contractor's  drawlnco. 

3.4  Design  and  eonutruotion 

3.4.1  Knvelope,-  Th<’  e. eternal  coufi;  uratJ on,  ciir.ionsions,  and  other  details 

of  the  design  oliall  conforin  to  the  requirci.ients  of  this  sijecifleatlon,  fia  _ _ 

and  applicable  drawings. 

3.4.2  Hydraulic  fluid.-  The  valves  elaall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range.-  The  valves  shall  be  designed  to  meet  the  functional 
and  operational  requirements  of  this  specification  throughout  a  fluid  temperature 
range  of  -65°F  to  450°!''  and  an  ambient  te'iiperatui-e  range  of  -65°P  to  650'^P,  v;hen 
tested  per  4.6,10. 

3.4.4  Threads.-  Only  class  3  tlire  conforming  to  Specification  MIL-S-7742 


shall  be  used. 
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3.4.5  Seals.-  Sauls  sliall  be  of  me-fcallic  construction  and  shall  be  upp, roved 
by  the  procuring  agency. 

3.4.6  Safetying.-  Threaded  parts  shall  be  positively  loclced  or  sui'etied 
by  safety-wiring,  self -locking  nuts,  or  other  approved  methods,  Safety  wire 
shall  be  .applied  in  accordance  v/ith  Standard  Drawings  MS-3354u  and  I'l3-20y95. 

3.4.7  Retainer  rings.-  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used  in 
hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or  jamminii 
of  the  valve. 

3.4.8  Structural  streiogth.-  The  valves  shall  have  sufficient  strength  to 
withstand  all  combiniitions  of  loads  resulting  from  hydraulic  pressure,  tempera¬ 
ture  variations,  and  installation. 

3.4.9  Weight.-  The  weight  shall  be  kept  to  a  minimum  consistent  with  good 
design,  and  shall  be  specified  on  the  applicable  drawing. 

3.4.10  Mounting  position.-  The  valves  shall  satisfy  the  performnce  requirements 
when  mounted  in  any  position. 

3.4.11  Plow  control.-  The  valves  shall  be  designed  to  pass  rated  flow  per 

1.2. 

3.4.12  Surface  roughness,-  Surface  rougliness  finishes  sixall  be  established 
and  shall  be  specified  on  the  manufacturer's  assembly  drawii^s  as  outlined  in 
MIL-DTD-IO. 

3.4.13  Alignment,-  All  plungers,  poppets,  balls,  pistons,  etc.,  shill  be 
guided  to  prevent  misalignment  or  chatterin,-:  .mi  cheir  seat;-.. 

3.4. 14  Air  entrapment.-  Entrapment  of  air  within  the  vulve  sliall  not  ciiange 
the  performance  requirements  of  the  valve. 


DJ.eleoti*ic  atrcngth.-  The  valve  electrical  solenoid  shall  iiave 
Guffici,ent  dielectric  strencth  to  withstand  without  damage  600  volts  root 
mean  square  between  the  solenoid  and  ground,  when  tested  per  4,6.8. 

3.4.16  Salt  spray.-  The  valves  shall  he  capable  of  satisfactory  opei-ation 
arter  100  hours  of  exposure  to  salt  spray,  when  tested  per  4.6.13. 


3 i 5  Interchangeability 

3.5*1  ^feJlufacturQ^’3  pai'ts.-  All  parts  having  the  same  manufacturer's  part 
number  shall  be  directly  and  completely  interchangeable  with  each  other  with 
respect  to  installation  und  performance.  Changes  in  manufacturer ' 0  part  numbers 
shall  be  governed  by  the  drawing  number  requirenents  of  specification  MIL-D-70327. 
Subassemblies,  composed  of  selected  mating  congponents,  must  be  interclxuigcable 
as  assembled  units,  and  shall  be  so  indicated  on  the  wanufncturtjf ' 0  drawings. 

The  individual  components  of  such  assembled  units  need  not  be  interckmgeable , 

3.5*2  Maintainability.-  Modular  valves  shall  be  self-oontained  components 
such  that  a  valve  nay  be  removed  from  one  housing  and  insei-ted  into  another 
without  any  detail  disaoserably,  readjustment  of  setting,  or  impairment  of  function. 

3.6  Identification.-  Each  valve  sluall  liava  tlie  identifying  i.'arhinijH  plicud 
on  the  hex  head  or  the  flange  so  tliat  the  identification  can  be  read  wten  the 
valve  is  installed  in  a  manifold  cavity.  Each  valve  chtvll  be  permanently  and 
legibly  marked  with  the  following  information,  per  MlL-M-Y^ll. 

Valve,  Solenoid  Ol)era.ted  Sequence 

MS  No. 

Minufacturcr ' a  Part  No. 

Manufacturer's  Name  or  Trademark 

In  addition,  the  pressui'e  setting  shall  be  stamped  into  a  metal  tag  whlcii 
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3s  attached  to  the  safety  wire  securine  the  adjustment  or  adjustment  cover. 

3  >7  Worlcmnship 

3.7.1  Quality.-  Worlananship  sliall  be  of  sufficiently  high  quality  to 
insure  satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise 
extreme  care  in  fabiricating,  assembling,  handling,  and  packaging  valves  to 
assure  tliat  the  components  are  clean  and  free  of  contaminant.  All  pai’bs  shall 
be  free  from  pits,  rust,  scrapes,  splits,  cracks,  burrs,  and  sharp  edges. 

3.7*2  Physical  defect  inspection.-  All  magnetizable  highly  stressed  parts 
shall  be  subjected  to  magnetic  inspection  in  accordance  with  Specification 
MIL-I-6868.  Cracks  or  otlier  injurious  defects  disclosed  by  the  inspection  shall 
be  cause  for  rejection.  All  non-magnetizable  highly  stressed  parts  shall  be 
subjected  to  fluorescent  penetrant  inspection  in  accordance  with  Specification 
MIL-I-^866.  Cracks. or  other  injurious  defects  disclosed  by  the  inspection  shall 
be  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  pressure.-  The  valves  shall  be  designed  to  operate  satisfactorily 
in  a  hydraulic  system  having  a  rated  pressure  of  4,000  psi,  when  tested  per  4,6.3. 

3.0.2  Operating  pressure.-  The  valves  sliall  be  designed  to  insure  satisfactory 
operation  and  service  life  throughout  the  operating  range  of  0  to  4,000  psi,  when 
tested  per  4.6.3,  The  valves  shall  be  capable  of  operation  at  6,000  psi. 

3.8.3  Proof  pressure.-  The  valves  shall  be  designed  to  withstand  a  proof 
pressure  of  6,000  psi,  v/hen  tested  per  4,6.2  and  there  shall  be  no  evidence  of 
external  leal^age,  permanent  set,  or  other  damage, 

3.8.4  Burst  pressure.-  Tiie  valves  sliall  be  designed  so  as  not  to  burst  at 
any  pressure  below  10,000  psi.  when  tested  per  ^1.6.15. 


7 


3.8.5  '  Solenoid.-  The  solenoid  shall  he  a  continuous  duty  type,  single 
fioij.  construction,  compact  design,  and  so  constructed  that  hydraulic  fluid 
call  not  contact  the  electrical  windings. 

3 . 8 . 5 . 1  Valve  ope  ration 

3.8. 5. 1.1  Sequence  flow.-  Sequence  flow  .siiull  '  •  Crom  pressure  port  to 
cylinder  port.  Energizing  the  valve  sliiill  cause  sequence  flow  and  de~energiz:.r.r 
the  valve  shall  block  sequence  flow.  GofiuencG  flov;  pressure  siiall  not  cxceec. 

i 

cylinder  port  pi’esoure  moi-e  than  100  psi  and  a  nu:..iihUtij  differential  ijressure  c 

•  I 

50  psi  shall  he  sufficient  to  maintain  rated  flow,  when  tested  per  4.6.3  and 
4.6..5. 

3. 8.5. 1.2  Free  flow.-  Free  flow  shall  he  fi’om  cylinder  port  to  pressure 
port  with  the  valve  in  eitlier  tlie  energized  position  or  de-energized  position. 

A  maximum  differential  pressure  of  25  psi  slmll  be  sufficient  to  maintain  free 
flow,  when  tested  per  4.6.3  and  4.6.5, 

3.8. 5.2  Electrical  characteristics 

3. 8. 5. 2.1  Electrical  power.-  The  valves  shall  he  designed  for  satisfactory 
operation  in  a  nominal  28  volt  direct  current  system  and  shall  meet  the  direct 
current  requirements  of  Specification  MIL-E-7894.  The  valves  shall  he  capable 
of  satisfactory  opei’ation  at  I8  volts  direct  current  when  differential  pressures 
from  100  psi  to  4,000  psi  are  applied  across  the  valve,  when  tested  per  4.6.3 
and  4.6.5. 

3. 8. 5. 2. 2  Curi’aat  drain  and  time  laps^,-  With  an  applied  voltage  of  28  volts 
dii-ect  current,  the  current  drain  shall  not  exceed  1.0  ampere  at  95°F  ambient 
temperature,  when  tested  per  4.6.7.  The  time  lapse  between  electrical  application 
and  pressure  rise  to  4,000  psi  shall  not  exceed  0.1  second,  when  tested  per  4.6.9. 
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3.8*6  Lealiage.-  Internal  and  external  leal^age  sliall  not  exceed  the  values 
in  Table  I,  when  tested  per 

TABLE  I 
VALVE  LEAKAOE 


VALVES 

PRESSURE 

MAX.  INTERNAL 

MAX.  EXTERNAL 

CLASS 

PSI 

drops/min 

drops/min 

1,  2,  and  3 

5 

10 

0 

4,000 

10 

0 

3.8.7  Surge  pressure.-  The  valves  shall  be  capable  of  satisfactory  operation 
wlien  6,000  psi  surge  pressure  is  applied  and  tlie  leakage  values  of  Table  I  shall 
not  be  exceeded,  when  tested  per  4.6.6. 

3.8.0  Endurance.-  The  valves  shall  be  capable  of  satisfactory  operation 
after  20,000  cycles  of  operation,  when  tested  per  4.6.11. 

3.8.9  Vibration.-  The  valves  shall  be  capable  of  withstanding  vibration  from 
5  to  2,000  ops  at  an  amplitude  of  0.04  inches  (0.08  inch  total  excursion)  or 
15G  whichever  is  limiting,  in  each  of  the  three  mutually  peri^endicular  planes, 
when  tested  per  4,6.12. 

4.  QUAL33?Y  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility.-  The  manufacturer  is  responsible  for  the 
performance  of  all  inspection  requirements  prior  to  submission  for  Government 
Inspection  and  acceptance.  Except  as  othen/ise  specified,  the  manufacturer  may 
utilize  his  o^im  facilities  or  any  commercial  laboratory  acceptable  to  the  procuring 
agency.  Inspection  records  of  the  examinations  and  tests  shall  be  kept  coniplete 
and  available  to  the  Government  as  specified  in  the  contract  or  order. 

4.2  Classification  of  tests,-  The  inspection  aM  testing  of  sequence  valves 
sliall  be  classified  as  follows: 
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^a)  Qualification  tests 
(b)  Acceptance  tests 

4.3  Qualification  tests 

4.3.1  Sampling  instructions 

4.3. 1.1  Satiipleo  of  sequence  valves  for  qiiallfication  tests  shall  consist  of 
one  specimen  of  each  class. valve  upon  which  qualification  is  desired. 

4. 3.1. 2  The  specimon  shall  be  assembled  of  parts  which  conform  to  manufac¬ 
turer’s  drawings. 

4. 3. 1*3  The  manufacturer  shall  provide  calculations  shov/ing  tliat  adequate 

clearance  of  moving  parts  is  provided  at  -65°F  and  450°F  using  the  most  adverse 

o 

dimensions.  The  room  temperature  reference  point  shall  be  70  F. 

4.3.2  Tests.-  Tlie  qualification  tests  shall  consist  of  the  following  test 

which  shall  be  conducted  in  the  order  listed. 

’a)  Examination  of  product  per  4.6.1 
'b)  Proof  pressure  per  4.6.2 
'c)  Actuation  per  4.6.3 

d)  Pressure  drop  per  4,6.5 

e)  Surge  pressure  per  4.6.6 

|f )  Solenoid  current  drain  per  4.6<7  . 

|g  j  Dielectric  strexigth  per  4,6.8 

ii'h)  Timing  test  per  4,6,9 

i)  Leakage  per  4,6,4 

j)  Extreme  tenperature  performance  per  4,6,10 

k)  Endurance  per  4,6,11 
id)  Vibration  per  4,6.12 
ro)  Salt  spray  per  4.6.13 

{a)  durst  pressure  per  4.6.1^ 

4.4  Acceptance  tests.-  Acceptance  tests  shall  be  performed  on  individual 
valves  or  lots  which  have  been  submitted  under  contract  to  determine  coaxfornance 
of  the  valves  or  lots  with  requirenirnts  set  forth  in  this  specification  prior 
to  acceptance.  Each  valve  sliall  be  subjected  to  the  following  tests; 
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(a)  Examination  of  product  per  4.6.1 
b>)  Proof  pressure  per  4.6.2 
Ic)  Leakage  per  4,6.4 
](d)  Actuation  per  4.6.3 

4.5  Test  conditions 

4.5.1  Test  fluid.-  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4.5.2  Fluid  temperature.-  If  the  fluid  tetiiperature  is  not  othen7ise  specified 
for  a  given  test,  it  shall  he  95  ±  i5°F  for  that  particular  test.  The  outlet  fluid 
temperature  shall  be  specified,  and  the  inlet  fluid  temperature  may  be  reduced  to 
Gonipensate  for  heat  generation.  The  fluid  temperature  shall  be  measured  as  near 

as  practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component 
shall  be  bled  of  air  and  inert  gas  and  maintained  full  of  fluid. 

4.5.3  Contamination,-  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  sliall  be  added  through  the  reservoir  of  the  test  set-up  before 
start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer  or  shall 
be  externally  excited  so  as  to  keep  the  contaminant  continuously  agitated  or  mixed 
within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  per  three 
gallons  system  fluid  capacity  has  been  introduced.  The  test  dust  siiall  be 
apportioned  as  follo\7s; 

Size  of  Particle  Percent  by  Weight  of  Total 

0  to  5  micron  39  ±  2 

5  to  10  micron  18  +  3 

10  to  20  micron  I6  ±  3 

20  to  40  micron  18  ±  3 

over  40  micron  9  ±  3 

4,5*^  Filtration.-  The  test  fluid  shall  be  continuously  filtei’ed  through 

a  filter  which  has  a  rna:ciraum  opening  that  does  not  exceed  25  microns.  The 

filter  and  element  used  shall  be  satisfactory  for  the  temperature  range  encountered, 

and  cleaned  or  changed  regularly  to  prevent  clogging. 
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4.5.5  Test  houoinG 

4. 5.5.1  Qualification  test  housing.-  All  tests  in  4.3.2  shall  be  conducted 
in  a  thin  wall  teat  housing  x*ich  is  contoured  externally  to  follow  the  cavity 
and  which  is  acceptable  to  the  procuring,  agency. 

4. 5. 5. 2  Acceptance  test  housing.-  The  tests  in  4.4  my  be  conducted  in  the 
qualification  test  housing  or  in  a  housing  having  other  external  configuration. 

4.6  Test  methods 

4.6.1  Examination  of  product.-  Each  valve  sliall  be  carefully  examined  to 
determine  conforinanoe  with  the  requirements  of  tills  specification.. for  worlaiianship, 
marking,  conformance  to  applicable  drawings,  and  for  any  visible  defects.  The 
determination  of  surface  finish  shall  be  made  with  a  profilometer,  con^arator 
brush  analj'’2er,  or  equally  suitable  comparison  equipment  with  an  accuracy  of 
microfrinches  at  the  level  being  measured. 

4.6.2  Proof  pressure.-  V/ith  the  valve  de-energized  apply  6,000  psi  to  the 

pressure  port  for  two  minutes.  V7ith  the  valve  de-energized  plug  tlie  pressure 

port  and  apply  60OO  psi  to  the  cylinder  port  for  two  minutes.  The  rate  of 

applying  pressure  shall  not  exceed  25,000  psi  per  minute.  For  acceptance  testirg, 

proof  pressure  tests  oliall  be  conducted  at  95  ±  15®F.  For  qualification  testing, 

proof  pressure  tests  shall  be  conducted  with  the  valve  and  fluid  stabilized  at 

o 

450  15  F.  There  shall  be  no  external  lealcage,  permnent  set,  or  other  damage 

resulting  from  proof  pressure  tests. 

4.6.3  Actuation.-  The  valve  cliall  be  cycled  25  tiincis  by  energizing  and 

de-energizing  the  solenoid  with  an  I8  volt  source  of  direct  current  wliile  I500 
psi  is  applied  to  the  outlet  port  and  at  the  end  of  each  5  cycles  the  valve  shall 

be  unseated  by  reversing  flo\7  tlirough  the  valve.  Repeat  above  procedure  25 
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additional  tiraeo  with  4000  psl  applied  to  the  outlet  port.  Repeat  above 
.procedure  with  6000  poi  applied  to  the  outlet  port  and  28  volts  to  energize  the 
solenoid.  During  this  test,  general  functioning  of  the  valve,  relation  between 
energized  and  de-energized  position  with  opening  and  closing  of  valve  shall  he 
ih  accordance  with  paragraph  3*8.5  of  this  specification.  '  '  ' 

4.6.4  Lealcage.-  The  test  shall  be  performed  with  the  valve  held  in  the 
vertical  position.  The  inlet  port  shall  be  positioned  so  that  the  force  of  gravity 
will  act  against  the  valve  checking  action.  The  valve  shall  be  tested  for  internal 
and  external  lealcage.  Pressures  of  5  poi  maximum  and  4000  psi  shall  be  applied 

to  the  outlet(with  the  valve  de-energized)  port  for  a  minimum  period  of  5  Mnutes 
each.  The  valve  poppet  shall  be  unseated  between  each  pressure  application.  In 
each  case  the  leakage  measurement  period  shall  consist  of  the  last  3  minutes  of 
tlie  5  minutes  period.  Tlie  rate  of  internal  lealcage  shall  not  exceed  tlie  values 
specified  in  Table  I.  Thex'e  shall  be  no  external  lealtage  during  this  test. 

4.6.5  Pressure  Drop.-  For  the  rated  flow  of  each  class  valve,  determine 

the  pressure  drop  between  the  inlet  and  the  outlet  port  (free  flow  direction)  with 
the  soijenoid  de-energized.  With  the  solenoid  energized  determine  the  pressure 
drop  at  rated  flow  from  the  outlet  to  the  inlet  ports,  A  back  pressure  of  200 
psi,  minimum  shall  be  maintained  on  the  downstream  side  of  the  valve.  This  test 
sliall  be  run  at  a  fluid  temperature  of  95°  ±  15°F  and  the  sequence  flow  pressure 
drop  through  the  valve  shall  not  exceed  50  psi  and  tlie  free-flow  pressure  drop 
sliall  not  exceed  25  psi.  The  pressure  di'op  sliall  not  include  the  pressure  drop 
through  the  test  manifold  or  housing. 

4.6.6  Surge  Pressure.-  The  surge  pressure  test  shall  be  performed  at  a 
temjierature  of  95°  ±  15°F.  The  test  shall  be  set  up  as  shown  in  Figure  1.  The 
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The  inlet  port  shall  be  open  and  the  test  valve  shall  be  in  the  de-enei’gized 
positiont  The  direotional  control  valve  shall  allow  pressure  to  build'-up  to 
6000  psi  in  the  accumulator  with  the  test  valve  outlet  port  vented  to  return. 

The  direotional  control  valve  shall  be  quickly  actuated  to  permit  surge  pressure 
to  the  outlet  port.  The  test  valve  shall  receive  25  such  applications  of  surge 
pressure*,  The  valve  shall  show  no  signs  of  leakage  exceeding  the  values  given  in 
Table  I. 

4.6.7  Solenoid  current  drain.-  Apply  28  volts  direct  current  to  solenoid. 

The  current  drain  required  to  energize  the  solenoid  shall  not  exceed  1.0  an^re 
at  95°  ±  15°F. 

4.6.8  Dielectric  strength.-  The  solenoid  shall  be  soaked  at  not  less  than 
650°F  for  8  hours  or  longer  and  held  at  650° P  while  6OO  volts  root  mean  square 

is  applied  between  the  solenoid  and  ground  for  a  period  of  60  seconds,  Tliere  slall 
be  no  failure  or  evidence  of  damage  to  insulation. 

4.6.9  Timing  test.-  An  oscillograph  shall  be  used  to  plot  electrical  input 
to  the  solenoid  eind  pressure  at  the  inlet  port,  simultaneously.  WitJi  4000  psi 
applied  to  the  outlet  port  energize  the  solenoid.  The  time  lapse  between  electrical 
application  and  pressure  rise  to  4000  ±  50  psi  at  the  inlet  port  shall  not  exceed 

O  o 

0.1  second.  The  temperature  shall  be  95  ±  15  F  for  this  test. 

4.6.10  Extreme  tempei’atxn'e  performance. 

4.6.10.1  Low  temperature  operation.-  The  test  set  up  shall  be  simileir  to 
Figure  1,  The  test  set-up  shall  be  soaked  at  a  temperature  not  warmer  tlian  -65°P 
for  8  hours  or  longer.  At  the  end  of  this  period  I500  psi  sliall  be  applied  to 
the  outlet  port,  the  solenoid  shall  be  energized  by  an  18  volt  source  of  electricity 
and  the  valve  shall  open  and  permit  flow  from  outlet  to  inlet.  The  solenoid 
shall  then  be  de-energized  and  4000  psi  applied  to  the  outlet  port  The  voltage 
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to  the  solenoid  shall  he  increased  and  the  coil  voltage  that  will  ftllly  open  the 
valve  shall  not  exceed  18  volta^t  Ihe  solenoid  voltage  shall  he  decreased  and  coiL 
voltage  at  which  the  valve  fully  closes  shall  be  recorded.  The  temperature  shall 
then  be  raised  to  -20°F  and  the  above  procedure  repeated.  After  completion  of  the 
above  test  and  the  temperature  held  not  warmer  than  -20°P  the  pressure  shall  be 
increased  to  6000  psl.  Ihe  voltage  required  to  fully  open  the  valve  shall  then  be 
determined  and  this  value  shall  not  exceed  28  volts.  Decrease  the  solenoid  voltage 
and  determine  the  coil  voltage  at  which  the  valve  will  fully  close. 

4.6.10.2  Rapid  warm  !Hie  test  set-up  for  the  low  temperature  test  shall  be 

used  for  this  test.  With  valve  "A"  closed  apply  a  pressure  of  4000  psi  to  the 
outlet  port  of  the  test  valve,.  The  fluid  shall  be  warmed  up  rapidly  f rom  "-20°F  by 
flowing  through  the  relief  valve.  When  the  fluid  temperature  reaches  +74°F  the' 
solenoid  shall  be  energized  with  a  maximum  of  18  volts  for  5  seconds.  This  shall 
permit  rated  flow  to  pass  through  the  valve.  At  the  end  of  5  seconds  the  solenoid 
shall  be  de-energized.  The  above  procedure  shall  be  repeated  when  the  fluid 
temperature  reaches  l68,  262,  35^  and  450°F.  At  each  of  these  checks  the  test 
valve  shall  fully  open  each  time  the  solenoid  is  energized  and  shall  fully  close 
each  time  the  solenoid  is  de-energized, 

4.6.10.3  High  temperature  operation  and  l  eakage.-  The  test  set  up  shall  be 
similar  to  Figure  1,  With  the  system  bled  of  air  and  pressur  d  at  4000  psi, 
temperature  in  the  temperature  controlled  box  shall  be  maintai;'.--u  at  450°F  minimum 
for  not  less  than  6  hours.  The  valve  shall  be  de-energized  during  this  period. 

At  the  end  of  this  period  and  with  4000  psi  applied  to  the  outlet  port  the  solenoid . 
shall  be  energized.  The  coil  voltage  required  to  open  the  valve  shall  not  be 
greater  than  l8  volts.  The  coil  voltage  shall  be  decreased  and  the  voltage  at 
which  the  valve  fully  closes  shall  be  recorded.  Repeat  this  procedure  for  five 
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complete  cycles.  No  long  waiting  period  between  operations  is  necessary. 

Leakage  test  shall  be  perfoimed  per  paragraph  k.S.h  except  that  the  allowable 
leakage  shall  be  6.5  cc/min  while  the  valve  is  at  a  temperature  of  450®F. 

There  shall  be  no  external  leakage  during  this  test. 

4.6.11  Endurance.  -  The  teat  set-up  shall  be  similar  to  Figure  1.  The  valve 
shall  be  subjected  to  a  total  of  20,000  cycles  of  opening  and  closing  by  energizing 
and  de-energizing  the  solenoid  while  a  pressure  of  4000  psi  is  applied  to  the  outlet 
port  so  that  rated  flow  will  pass  throurli  the  valve  during  endurance.  The  endurance 
test  shall  be  conducted  while  the  valve  undergoes  a  time -temperature  specti*um  as  shown 
in  Figure  2. .  The  20,000  cycles  shall  be  accomplished  by  going  through  the  spectrum 
four  times.  The  valve  shall  be  cycled  at  the  rate  of  12  to  16  cycles  per  minute. 

Prior  to  going  through  a  spectrum,  the  valve  and  fluid  shall  be  maintained  at  a 
temperature  not  waimer  than  -65°F  for  8  hours  or  longer.  After  completing  the  four 
spectrums  the  valve  shall  be  tested  and  shall  meet  the  requirements  as  speci¬ 
fied  in  paragraph  4.6.4.  No  external  leakage  shall  occur  during  the  duration 

of  this  test.  With  a  250  psi  differential  pressure  between  outlet  and  inlet 
ports  the  valve  shall  be  closed  when  de-energized.  The  valve  shall  be  energized 
and  shall  open  and  pass  rated  flow. 

4.6.12  Vibration  Test 

(a)  With  the  fluid  temperature  maintained  at  95  +  15°F  the  valve  shall 
be  cycled  at  a  rate  of  12  to  16  cpm.  Cycling  shall  be  accomplished  by  energizing 
and  de-energizing  the  solenoid  so  as  to  produce  alternately  rated  flow  and  no  flow 
from  outlet  to  inlet  of  the  valve.  While  the  valve  is  being  cycled  it  shall  be 
vibrated  in  a  horizontal  direction  with  the  frequency  varying  between  5  aud  2000 
cps  in  30  minutes.  The  amplitude  shall  be  O.C  ’ • ches  (0.08  inch  total  excursion) 
or  150  whichever  is  limiting.  This  test  shall  be  repeated  two  times  and  during 
this  time  the  frequency  of  any  and  »ill  resonant  points  shall  be  noted.  Vibrate 
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the  valve  for  90  minutes  at  the  most  severe  resonant  frequency  noted  above 
at  0.08  in.  total  excursion  or  15G  whichever  is  less  severe.  If  no  resonant 
frequency  is  found,  the  valve  shall  be  vibrated  at  500  cps  for  9O  minutes. 

(b)  Repeat  (a)  clianging  the  direction  )of  vibration  90°  horizontally. 

(c)  Repeat  (a)  changing  the  direction  of  vibration  to  vertical. 

(d)  After  completion  of  (a),  (b)  and  (c)  the  valve  shall  be  checked 
per  paragraph  k.6.4  except  tlrnt  the  allowable  leal-iage  shall  be  increased  by 

50  percent. 

(e)  The  valve  sliall  tten  be  removed  from  the  manifold  and  visually 
inspected  for  any  mechanical  failures. 

V/ith  a  250  psi  diffei'ential  pressui’e  between  outlet  and  inlet  ports  the  va.lve 
sliall  be  closed  when  de-energized.  The  valve  sliall  be  energized  and  sliall  open 
and  pass  rated  flow. 

4.6.13  Salt  Spray  Test.-  The  valve  shall  be  subjected  to  a  100  hour  salt 
spray  test  in  accordance  with  Federal  Test  Method  Standard  Wo.  151>  Whthod  8II. 

At  the  conclusion  of  this  test  period,  the  solenoid  shall  be  air  dried  for  6  hours 
then  subjected  to  a  dielectric  test  per  paragraph  4.6.8.  With  4000  psi  applied 
to  the  pressure  port  the  valve  shall  be  energized  with  no  more  than  I8  volts  and 
the  valve  shall  op)en  and  pass  rated  flow. 

4.6.14  Burst  Pressure  Test.-  Pressure  shall  be  applied  to  the  outlet  port  at 
a  rate  not  to  exceed  25,000  psi  per  minute  until  10,000  psi  is  reached.  This 
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pressure  shall  he  held  for  at  least  two  minutes.  There  sliall  he  no  rupture  of 
external  or  internal  parts.  The  fluid  tempei’ature  shall  he  95  15°F  for  this 

test.  Repeat  the  above  test  with  the  outlet  port  plugged  and  pressure  applied 
to  the  inlet  port. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Pi’Gscrvation  and  pacl^aging.-  Each  component  shall  he  filled  with  hydraulic 
fluid  conforming  to  MIL-H-0446.  All  internal  surfaces  of  components  shall  he 
completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior  to  sealing. 

The  component  shs.ll  then  he  v/rapped  or  hagged  in  gi’ade  A  grease-proof  paper 
conforming  to  Specificati.on  MIL-B-121  and  sealed  with  tape  conforming  to  Specification 
PPP-T-60.  Each  wrapped  conrponent  shall  he  paclvaged  in  accordance  with  the  manufac¬ 
turer's  commercial  practices. 

5.2  Marking  of  shipments.-  Interior  paclxiges  and  exterior  shipping  containers 
shall  he  marked  in  accordance  with  Standard -MIL-STD-129,  and  shall  include  the 
following : 

Stock  No.  as  specified  in  the  purchase  document 
Name  of  part 
MS  Part  No. 

Month  and  year  of  manufacture 
Class  or  size 

6.  NOTES 

6.1  Intended  use.-  The  sequence  valves  covered  hy  this  specification 

are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  hy 
Specification  MIL-H-889?-  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-8446.  The  valve  is  further  Intended  for  use  in  a  manifold 
or  paclcaged  type  system. 

6.2  Ordering  data.-  Procurement  documents  should  specify  the  following; 

Title,  number,  and  date  of  this  specification 

MS  part  number 

Class 

Federal  Stock  number 
Pressure  setting 
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6.3  Qualification.-  With  respect  to  products  requiring  qualification, 
awards  will  be  niade  only  for  such  products  as  have,  prior  to  the  time  set  for 
opening  bids,  been  tested  and  approved  for  inclusion  in  the  applicable  Qualified 
Products  List  whether  or  not  such  products  have  actually  been  so  listed  by  that 
date.  The  attention  of  the  suppliers  is  called  to  this  requirement,:  and  ■ 
nianufactu]rers  are  urged  to  arrange  to  have  the  products  that  they  propose  to 
offer  to  the  Federal  Govem^ient,  tested  for  qualification,  in  order  that  they 
may  be  eligible  to  be  awarded  contracts  or  orders  for  the  products  covered  by 
this  sjtecification.  The  activity  responsible  for  tlie  Qualified  Products  List 
is  the  Bureau  of  Naval  Weapons,  Wavy  Department,  Washington  25,  D.  C.,  however, 
information  pertaining  to  qualification  of  products  may  be  obtained  from  the 
Commanding  Officer,  U.  S.  Naval  Air  Nhterial  Center,  Naval  Base,  Philadelphia  12, 
Pennsylvania. 

NOTICE;  When  Government  drawings,  specifications,  or  other  data  are  used 

for  any  purpose  other  than  in  connection  with  a  definitely  related 
Government  procurement  operation,  the  United  States  Government 
thereby  incurs  no  responsibility  nor  any  obligation  whatsoever;  and 
the  fact  that  the  Government  may  have  formulated,  furnished,  or  any  we 
supplied  the  said  drawings,  specifications,  or  other  data  is  not 
to  be  regarded  by  implication  or  othen^ise  as  in  any  manner  licensing 
the  holder  or  any  other  person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacturer,  use,  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto. 

Custodians;  Preparing  activity; 

Wavy  -  Bureau  of  Naval  Weapons  Wavy  -  Bureau  of  Naval  Weapons 

Air  Force 
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notes:  1.  Rate  of  temperature  rise  or  decay  may  -vary  witMn 
the  shaded  areas  shown. 
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APPENDIX  IX 

Siiggested  MIL  Specification  for  Solenoid  Operated  Shut-Off 

Valve 

Suggested  MS  Standard  for  Solenoid  Operated  Shut-Off 

Valve 
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P.A.  NAVX  BUWEPS 
Gtfwr  Cuit 

PROCUREMENT  SPECIFICATION 
ML- 


mL<  vniVE,  MODULAR  HYDRAULIC 

MILITARY  STANDARD 

SOLENOID  OPERATED,  TOO  WAY,  TOO  POSITION  SELECTOR 

MS 

14,000  PSI,  TYPE  Ill  SYS'PEH 

SUPERSEDES!  !  ' 

SHEET j  OF  2 

FED.  SUP  CLASS 


OmiL  REQUIREMENTS 


TBMI'ERATORE  LMTSt 
PRESSURE: 

FLUID: 

SEALS: 

LIB'E: 

PRESSURE  DROP: 


+I15OOF  FLUID  AND  tSSOOP  AMBIENT  MAXIMUM.  VALVE  SHALL  FUNCTION  AT 
OPERATINO  4000  PSI,  PROOF  6OOO  PSI,  BURST  10,000  PSI. 
SPECIFICATION  HIL-ll-a446. 

SPECIFICATION  MIL- 

SEE  SPECIFICATION  MIL-  FOR  ENDURANCE, 

50  PSI  MAXIMUM  AT  25  OPM  FLOW . 


MATERUL:  SEE  SPECIFICATION  MIL- 

FINISH:  SEE  SPECIFICATTOH  MIL- 

MACHINE  FINISHES:  SEALING  SURFACES  (NOTED  Bit  SYMBOL  A  )  SHALL  BE  16/Hira.  ALL  OTHER  SURFACES  125/  RHR 
UNLESS  CniERHlSE  NOTED.  V 

TOLERANCE.'!!  THE  TWO  SEALING  SURFACES  OH  THE  VALVE  SHALL  BE  PARALLEL  TO  EACH  OTHER  WITHIN  .002  FIR  AND 
PERPENDICUIAR  TO  THE  AXIS  OF  VALVE  TIRIEAD  WITHIN  .003  FIB.  THE  TWO  SEALING  SURFACES  IN  THE  VALVE 
CAVm  SHALL  BE  PARALLEL  TO  EACH  OTHER  WITHIN  .002  FIR  AND  PERPENDICUIAR  TO  THE  CAVITY  THREAD  AXIS 
WITHIN  .003  FIR.  SURFACE  DEFINED  BY  1,62  DIAMETER  ON  FACE  OP  CAVITY  SHALL  BE  PERPENDICUIAR  TO  AXIS 
OF  CAVITY  THREAD  WITHIN  .001  FIR. 

LINEAR  T'OIERANCE:  UNLESS  OTHERWISE  NOTED  I.OI. 

ANGULAR  TOLERANCE:  UNLESS  OTHERWISE  NOTED  tpu. 

THIS  VALVE  IS  INTENDED  FOR  INSTALLATION  IN  “A  MANIFOLD  OR  HOUSING  FOR  USE  IN  4000  PSI  TYPE  III  HYDRAULIC 
SYSTEMS  WITHIN  THE  LIMITS  SPECIFIED  HEREIN  AMD  BY  SPECIFICATION  MIL-  .  THE  ELECTRICAL  POWER 

USED  TO  ENEROIPE  TI03  VALVE  SHALL  BE  DIRECT  CURRENT  IH  ACCORDANCE  WITH  SPECIFICATION  MIL-E-7^4ASa. 

SEAUNQ  SURFACES  ARE  DEilOTED  BY  THE  SYMBOL  A  . 

THREADS  SHALL  CONFORM  TO  SPECIFICATION  HIL-S-7742. 

THE  APPLICABLE  MS  PART  TIUMBER,  THE  WORDS  "TWO  WAY,  TWO  POSITION  SELECTOR  VALVE",  25  OPM  RATED  FLOW, 

AND  'RIE  MANUFACTURER  'B  NAME  OH  TRADEMARK  SHALL  BE  PERMANENTLY  MARKED  ON  A  NAMEPLATE  OR  DIRECTLY 
ONTO  THE  SOLENOID  SO  THAT  THE  IDEHTIFICATLON  IS  VISIBLE  WHEN  THE  VALVE  IS  INSTALLED. 

THE  VALVE  IS  TO  FUNCTION  AOGORDINO  TO  THE  FOLLOWIHO  SCHEMATIC: 
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MILIOIABY  SPECIFICATION 

VALVE:  AIRCRAFT  HYDRAULIC  SOLENOID  OPERATED  SHUT-OFF 


1.  SCOPE, <-  This  specification  covers  a  cartridge -type,  modular  hydraulic 
solenoid  operated  shut-off  valve,  vlth  a  0  to  25  GPM  rated  flow  at  i4-,000  psl, 
for  uae  In  IVpe  HI  aircraft  hydraulic  systems  conforming  to  Specification 
MIL-H-*8891, 

a,  APPLICABLE  DOCUMENTS 


2.1  Tne  following  documents  of  the  Issue  In  effect  cxi  date  of 
Invitation  for  bids,  form  a  part  of  this  specification  to  the  extent 
specified  herein. 

SPECIFICATIONS 


Federal 

PPP-T-60 

Military 

MIL-B-121 

MIL-I-6866 

MIL-I-6068 

MIL-H-6375 

MIL-S-77*^2 

MIL-S-?894^ 

MIL-M-7911 

MIL-H-8446 


Tape,  Pressure  Sensitive  Adhesive,  Waterproof 

Barrier  Material,  Greaseproof,  Flexible  ^terproofed 

Inspection,  Penetrant  ffethod  of 

Inspection  Process,  Magnetic -Particle 

Heat  Treatment  of  Steels  (Aircraft  Practice)  Process  for 

Screw  Threads,  Standard,  Aeronautical 

Electrical  Power,  Aircraft  Characteristics  of 

Marking,  Identification,  of  Aeronautical  Equipment, 

Assemblies  and  Parts 

Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 
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MIL-H-8891 


MIL-D-70327 

Standards 

Federal  Test 
Method 
Standard  151 

MIL-STD-10 

MIL-STD-129 

MIL-STD-143 

MS -33540 

MS -20993 


Hydraulic  Systems,  Type  III  Design,  Installation, 
Tests  and  Data  Requlremants,  General  Spcelficatlon 
for 

Drhvings,  Engineering  and  Associated  Lists 

Metals;  Test  Methods 

Surface  Roughness,  Wavlness  and  Lay 
Marking  for  Shipment  and  Storage 
Specification  and  Standards,  Use  of 
Safety  Wiring  -  General  Practices  for 
Wire -Lock 


Drawing 

MS-  Valve,  Shut-Off,  Solenoid  Operated, 

Modular  Envelope  For 

2.2  Other  Publications.-  Where  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2.1,  they  shall  be  selected  In  order  of  precedence 
set  foi’th  in  MIL-STD-143.  V/here  contractor  material  and  process  specification 
are  permitted  under  MIL-STD-143,  they  shall  contain  provisions  for  adequate 
tests  and  inspection. 


3.  REQUIREMENTS 

3.1  Qualification  -  The  shut-off  valve  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  passed  the  qualification  tests 
specified  herein  and  has  been  listed  on,  or  approved  for  listing  on,  the 
applicable  qualified  products  list. 
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3,2  Materials  and  Processes  -  Materials  and  processes  used  in  the 
manufacttire  of  the  valve  shall  conform  to  the  following  requirements  and 
to  the  applicahle  specifications  as  defined  in  Section  2. 

3.2.1  Metals.-  All  metals  shall  be  compatible  with  the  fluid  and  intended 
temperature,  fimctional,  service,  and  storage  conditions  to  which  the 
components  will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting 
type  or  shall  be  adequately  la-otected  to  resist  corrosion,  during  the  normal 
service  life  of  the  valve,  which  may  result  from  such  conditions  as 
dissimilar  metal  combinations,  moisture,  salt  spray,  and  high-temperature 
deterioration,  as  applicable.  Copper,  aluminum,  and  magnesium  alloys  shall 
be  used  only  with  the  approval  of  the  procuring  agency.  Ferrous  alloys  shall 
have  a  chromium  content  of  not  less  than  12  percent  or  shall  be  suitably 
protected  against  corrosion.  In  addition,  cadmium  and  zinc  platings  shall 
not  be  used  for  internal  parts  or  on  internal  surfaces  in  contact  with 
hydraulic  fluid  or  exposed  to  its  vapors. 

3.2.2  Sub-zero  stabilization  of  steel  -  Close-fitting,  sliding  steel 
parts  shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6875 
to  reduce  warpage  tendencies. 

3.2.3  Plastic  parts.-  Plastic  parts  shall  be  used  only  with  the  approval 
of  the  prociaring  activity  for  each  application. 

3.3  Parts.-  Standard  parts  selected  in  accordance  with  section  2  shall  be 
used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  identified  on 
the  drawing  by  their  part  numbers.  Commercial  utility  parts  such  as  screws. 


Shut-Off  Valve 
Page  4  of  26 

holts,  nuts,  cotter  pins,  etc.,  may  he  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration 
and  provided  the  approved  standard  part  is  referenced  in  the  parts  list  and, 
if  practicable,  on  the  manufacturer's  drawings. 

3.4  Design  and  construction 

3.4.1  Envelope  -  The  external  configuration,  dimensions,  and  other 

details  of  the  design  shall  conform  to  the  requirements  of  this  specification 
and  MS-  . 

3.4.2  Hydraulic  fluid  -  The  valve  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range  -  The  valve  shall  be  designed  to  meet  the 
functional  and  operational  requirements  of  this  specification  throu^out  a 
fluid  temperature  range  of  -65‘'P  to  450®F  and  an  ambient  temperature  range 
of  -65"?  to  650®?,  There  shall  be  no  evidence  of  external  leakage  or 
chatter  when  tested  per  4.6.10. 

3.4.4  Threads  -  Only  class  three  threads  conforming  to  Specification 
MIL-S-7742  shall  be  used. 

3.4.5  Seals  -  Seals  shall  be  of  metallic  construction  and  shall  be 
approved  by  the  procuring  agency. 

3.4.6  Safetying  -  Threaded  parts  shall  be  positively  locked  or 
safetied  by  safety -wiring,  self -locking  nuts,  or  other  approved  methods. 
Safety-wire  shall  be  applied  in  accordance  with  standard  drawings  MS -33540 
and  MS -20995. 
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3.4.7  Retainer  Rings  -  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be 
used  in  hydraulic  equipment  where  failure  of  the  ring  will  allovr  blow 
ai)art  or  Jamming  of  the  val.ve. 

3.4.8  Structural  strength  -  The  valve  shall  have  sufficient  strength 
to  withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure, 
temperature  variations,  and  installation. 

3.4.9  Weight  -  The  weight  shall  be  Icept  to  a  minimum  consistent  with  good 
design,  and  shall  be  specified  on  the  applicable  drawing. 

3.4.10  Mounting  position  -  The  valve  shall  satisfy  the  ijerformance 
requirements  when  mounted  in  any  position, 

3.4.11  Flow  control  -  The  valve  shall  be  designed  to  pass  rated  flow 
per  paragraph  1  from  inlet  port  to  outlet.  Flow  shall  be  checlted  or  blocked 
from  outlet  to  inlet  port. 

3.4.12  Surface  roughness  -  Surface  roughness  finishes  shall  be 
established  and  shall  be  specified  on  the  manufacturer's  assembly  ilrawings 
as  outlined  in  MIL-STD-10. 

3.4.13  Solenoid  -  The  solenoid  shall  be  of  single  coil  construction, 
compact  design,  and  of  sufficiently  rugged  construction  to  withstand  the 
mechanical  shocks  and  stresses  incident  to  its  use  in  aircraft.  Solenoids 
shall  be  designed  for  continuous  duty  with  the  solenoid  totally  enclosed 
and  shall  be  so  designed  that  the  hydravilic  fluid  can  at  no  time  come  in 
contact  with  the  electrical  windings.  The  solenoid  shall  operate  with 
direct  current  in  accordance  with  Specification  MIL-E-7894. 
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3 . 5  Interchangeability 

3.5.1  Manufacturer's  parts  -  All  parts  having  the  same  manufacturer's 

part  number  shall  be  directly  and  completely  interchangeable  with  each 
other  with  respect  to  installation  and  performance.  Changes  in 
manufacturer's  part  numbers  shall  be  governed  by  the  drawing  number 
requirements  of  Specification  MIL-D-70327.  Subassemblies,  composed  of 
selected  mating  components,  must  be  interchangeable  as  assembled  units, 
and  shall  be  so  indicated  on  the  manufacturer's  drawings.  The  individual 
components  of  such  assembled  units  need  not  be  interchangeable, 

3.5.2  Maintainability  -  The  modular  valve  shall  be  a  self-contained 
components  such  that  a  valve  may  be  removed  from  one  housing  and  inserted 
into  another  housing  without  any  detail  disassembly,  readjustment  of 
setting,  or  impairment  of  function, 

3.6  Identification  -  Each  valve  shall  have  the  identifying  markings 

s 

placed  so  that  the  identification  can  be  read  when  the  valve  is  installed 
in  the  manifold  cavity.  Each  valve  shall  be  permanently  and  legibly 
marked  with  the  following  information  per  MIL-H-79II. 

Valve,  Shut-Off 
MS- 

Manufacturer' s  Part  Number 
Manufacturer's  Name  or  Trademark 
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3  •7  WiSrloiianship 

3.7«1  Quality  -  Worlananshlp  shall  be  of  stiff iciently  hi^  quality  to:-, 
insure  satisfactory  operation  and  service  life.  Ihe  manufacturer  shall  ' 
exercise  extreme  care  in  fabricating,  assembling,  handling,  and  packaging 
valves  to  assure  that  the  components  are  clean  and  free  of  contamination. 

All  parts  shall  be  free  from  pits,  rust,  scrapes,  splits,  cracks,  burrs, 
and  sharp  edges. 

3.7*2  Physical  defect  Inspection  -  All  magnetizable  hl^ly  stressed 
parts  shall  be  subjected  to  magnetic  inspection  per  Specification  MIL-I-6868. 
Cracks  or  other  Injurious  defects  disclosed  by  the  inspection  shall  be 
cause  for  rejection.  All  non -magnetizable  highly  stressed  parts  shall  be 
subjected  to  fluorescent  penetrant  Inspection  per  Specification  MIL-I-6866, 
Cracks  or  other  Injurious  defects  disclosed  by  the  inspection  shall  be 
cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  flow  and  operating  pressure  -  The  valve  shall  be  designed 
to  Insvire  satisfactory  operation  and  service  life  at  a  rated  flow  of 

0  to  25  gallons  per  minute  at  an  operating  pressure  of  l^,000  psi,  when 
tested  per  4.6.3.  The  valve  shall  be  capable  of  operation  at  6,000  psi, 

3.8.2  Proof  pressure  -  The  valve  shall  be  designed  to  withstand  a 
proof  pressure  of  6,000  psi,  when  tested  per  4.6.2.  There  shall  be  no 
evidence  of  external  leakage,  permanent  set  or  other  damage. 


Shvt-OJPf 
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3.8.3  Burst  pressure  -  The  valve  shall  be  capable  of  withstanding  e 
burst  pressure  10,000  pel,  when  tested  per  4,6,14,  There  shall  be  no 
evidence  of  rupture  of  internal  or  external  parts, 

3.8.4  Valve  operation  - 

3, 8, 4,1  Positions  -  The  valve  shall  be  closed  in  the  de-energized 
position  and  shall  be  open  in  the  energized  position  trtien  tested  per 
4,6,3,  Refer  to  Figure  1, 


FIGURE  1 


3. 8. 4. 2  Pre8sure8»-  The  valve  shall  operate  with  a  pressure  differential 
of  50  psi  between  the  pressure  port  and  cylinder  port  at  rated  pressure  and 
proof  pressure  when  tested  per  4,; 6, 2  and  4,6,3, 

3. 8. 4. 3  Electrical  characteristics 

3, 8. 4, 3,1  The  valve  shall  be  designed  for  a  28  volt  direct  current 
system  and  shall  be  capable  of  satisfactory  operation  when  I8  volts  is 
applied  at  4,000  psi  and  when  28  volts  is  applied  at  6,000  pal  throughout 
the  ambient  and  operating  temperature  ranges,  when  tested  per  4,6,10, 
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3, 8, 4. 3. 2  With  28  volts  direct  current  applied  to  the  coil  terminals, 
the  peak  current  drain  shall  not  exceed  1.0  ampere  when  tested  per  4.6,7, 

3,8,4.3»3  The  time  lapse  between  energizing  the  solenoid  and  the 
pressure  switch  actuation  shall  not  exceed  0,10  second  when  tested  per  4,6.9, 

3. 8. 4. 3, 4  There  shall  be  no  brealcdown  of  the  dielectric  material  of 
the  solenoid  that  could  cause  damage  or  coil  failure  when  600  volts  rms 
is  applied  per  4,6.8. 

3.8.5.  Internal  lealcage.-  With  the  valve  closed,  in  the  de-energized 
position,  the  maximtun  allowable  lealcage  shall  be  6cc  per  minute,  when 
tested  per  4,6.4. 

3.8.6  Pror.;>u,io  .irop  -  The  pressure  drop  through  the  valve  shall  not 
exceed  50  psi  when  liated  i)er  4.6.5.  This  pressure  drop  shall  not  include 

♦n 

the  pressxire  drop  through  the  test  manifold  or  housing, 

3.8.7  Surge  presBiore  -  The  valve  shall  be  capable  of  withstanding  the 
surge  pressure  of  paragraph  4.6.6.  The  total  leatoge  of  the  valve  shall 
not  exceed  I2cc  when  tested  per  4.6.4, 

3.8.8  EUndurance  -  The  valve  shall  be  capable  of  satisfactory  operation 
for  a  total  of  20,000  cycles  at  a  rate  of  12  to  I6  cycles  per  minute  when 
tested  per  4.6.11. 

3.8.9  Vibration  -  The  valve  shall  be  capable  of  withstanding  vibration 
from  5  to  2,000  cps  at  an  amplitude  of  0.04  Inches  (0,08  inch  total  excursion) 
or  15G  whichever  is  limiting,  in  each  of  the  three  mutually  perpendicular 
planes  when  tested  per  4,6,12. 

3.8.10  Salt  spray  test.-  The  valve  shall  function  satisfactorily  after 
exposure  to  100  hours  of  salt  spray  when  tested  per  4.6,13, 
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4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility  -  The  manufacturer  Is  responsible  for  the 
performance  of  all  inspection  requirements  prior  to  submission  for  Government 
inspection  and  acceptance.  Except  as  otherwise  specified,  the  manufacturer 
may  utilize  his  own  facilities  or  any  ccmaneroial  laboratory  acceptable  to 
the  Government.  Inspection  records  of  the  examinations  and  tests  shall  be 
kept  complete  and  available  to  the  Government  as  specified  in  the  contract 
or  order. 

4.2  Classlficatiai  of  tests  -  Ihe  Inspection  and  testing  of  the 
shut-off  valve  shall  be  classified  as  follows: 

(a)  Qualification  tests 

(b)  Acceptance  tests 

4.3  Qualification  tests 

4.3.1  Sampling  instructions 

4. 3. 1.1  A  sample  of  the  shut-off  valve  submitted  for  qualification 
tests  shall  consist  of  one  specimen  upon  which  qualification  is  desired. 

4. 3. 1.2  Hie  specimen  shall  be  assembled  of  parts  which  conform  to 
manufacturer's  drawings. 

4. 3. 1.3  ‘Hie  manufacturer  shall  provide  calculations  showing  that 
adequate  clearance  of  moving  parts  is  provided  at  -65°  and  450®F,  using 
the  most  adverse  dimensions.  The  room  temperature  reference  point  shall 

t 

be  70"?. 
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l|-,3,2  Qualification  teats  -  The  qualification  testa  shall  consist  of 
the  following  tests  which  shall  he  conducted  in  the  order  listed.  All 
testa  are  desorihad  tinder  4.6  of  this  speoification. 

A,  Examination  of  product  per  4.6,1, 

B,  Proof  pressure  per  4,6.2, 

C.  Pressure  drop  per  4,6,5, 

D,  Surge  pressure  per  4.6.6. 

E.  Solenoid  current  drain  per  4.6.7* 

F,  Dielectric  strength  per  4.6,8. 

G.  Timing  test  per  4.6.9. 

H,  Extreme  tempera ttire  performance  per  4.6,10. 

I.  Endurance  per  4,6,11, 

J.  Vibration  per  4.6,12. 

K,  Salt  spray  per  4,6,13. 

L.  Burst  pressure  per  4,6.l4. 

4.4  Acceptance  tests  -  Acceptance  tests  shall  be  performed  on  individual 
valves  or  lots  which  have  been  submitted  under  contract  to  determine  conformance 
of  the  products  or  lota  with  requirements  set  forth  in  this  specification  prior 
to  acceptance.  Each  valve  shall  be  subjected  to  the  following  tests: 

A,  Examination  of  product  per  4,6,1, 

B,  Proof  pressure  per  4,6.2. 

C,  Actuation  par  4,6.3. 

D,  Leakage  per  4,6.4. 
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4.5  West  conditions 

4,5,1  Ttest  fluid. -  The  test  fluid  shall  conform  to  Specification 
MIL-H-8446, 

4,5*2  Fluid  temperature,-  If  the  fluid  temperature  is  not  othen^lse 
specified  for  a  given  test,  it  shall  he  95tl5'*P  for  that  particular  test. 

The  outlet  fluid  temperature  shall  he  specified,  and  the  inlet  fluid 
temperature  may  he  reduced  to  compensate  for  heat  generation.  The  fluid 
temperature  shall  he  measured  as  near  as  practlcahle  to  the  valve  ports. 

During  all  soaking  periods,  the  component  shall  he  hied  of  air  and  inert 
gas  and  maintained  full  of  fluid. 

4.5.3  Contamination  -  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  shall  he  added  through  the  reservoir  of  the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  Incorporate  a 
mixer  or  shall  he  externally  excited  so  as  to  keep  the  contaminant  continuously 
agitated  or  mixed  within  the  fluid.  Test  dust  shall  ho  added  until  one  gram 
of  dust  per  three  gallons  system  fluid  capacity  has  haen  introduced.  The 
test  dust  shall  he  apportioned  as  follows: 


Size  of  particle 

Percent  hy  weight  of  total 

0  to  5  micron 

39  ±  2 

5  to  10  micron 

18  ±  3 

10  to  20  micron 

16  ±  3 

20  to  40  micron 

18  ±  3 

over  40  micron 

9  t  3 

I 

I 

I 
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4.5.1^  Filtration  -  The  test  fluid  shall  be  continuously  filtered  through 
a  filter  which  has  a  maximum  opening  that  does  not  exceed  25  microns.  The 
filter  and  element  used  shall  be  satisfactory  for  the  temperature  range 
encountered,  and  cleaned  or  changed  regularly  to  prevent  clogging. 

4,5*5  Test  housing 

4. 5. 5*1  Qualification  test  housing  -  All  tests  in  4,3.2  shall  be 
conducted  in  a  thin  wall  test  housing  which  is  contoured  externally  to 
follow  the  cavity.  The  test  housing  sliall  be  acceptable  to  the  procuring 
agency, 

4, 5, 5. 2  Acceptance  test  housing  -  The  tests  in  4.4  may  be  conducted  in 
the  qualification  test  housing  or  in  a  housing  having  any  other  external 
configuration. 

4.6  Test  methods 

4.6.1  Examination  of  product-  -  Each  valve  shall  be  carefully  examined 
to  determine  conformance  with  the  requirements  of  this  specification  for 
weight,  worlonanshlp,  marking,  conformance  of  dimensions  to  applicable 
drawings,  and  for  any  visible  defects.  The  determination  of  sinrface  flnlF^h 
shall  be  made  with  a  profilometer,  comparator  brush  analyzer,  or  equally 
suitable  comparison  equipment  with  an  accuracy  of  ±5  micro-inches  at  the 
level  being  measwed. 

4.6.2  Proof  ixressure  -  Pressure  shall  be  applied  to  the  pressure  port 
at  a  rate  not  exceeding  25,000  psi  per  minute  until  60OO  psi  is  reached. 

This  proof  pressure  shall  be  held  for  not  less  than  two  minutes.  The 
cylinder  part  shall  then  be  plugged  and  the  solenoid  energized.  Proof 
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pressxire,  6000  pal,  shall  he  held  for  at  least  two  minutes.  There  shall 
he  no  external  leakage,  permanent  set,  or  other  damage.  For  acceptance  test 
the  components  and  the  fluid  shall  he  stabilized  at  a  temperature  of 
95°  t  15  °F  and  for  qualification  test  the  temperature  shall  he  450"  i  15®P, 
A  hand  pxmip  may  he  used  if  desired, 

4.6.3  Actuation,-  The  valve  shall  he  cycled  25  times  hy  energizing 
and  de-energizing  the  solenoid  with  an  18  volt  source  of  direct  current 
\dille  4000  psi  is  applied  to  the  pressure  port.  Repeat  this  procedure 
with  a  50  pal  differential  between  the  pressure  port  and  the  cylinder  port. 
During  this  test,  general  functioning  of  the  valve,  relation  between 
energized  and  de-energized  position  with  opening  and  closing  of  valve 
shall  be  in  accordance  with  paragraph  3,8,4  of  this  specification.  There 
shall  he  no  external  leakage  during  this  test.  Flow  shall  be  equal  to  or 
greater  than  rated  for  the  valve  to  be  considered  fully  open. 

4.6.4  Leakage.-  Tfest  in  accordance  with  Table  I.  The  valve  shall 
he  actuated  between  each  test,  and  shall  he  free  of  air  before  each 
measurement.  Allow  15  seconds  maximum  to  bring  the  pressure  from  zero 
to  test  pressure.  The  mea S’areraent  period  shall  begin  within  3  minutes 
after  application  of  test  pressure. 


TABLE  I 

LEAKAGE  TEST  CONDITIONS 


Test 

Test 

Apply 

Pressure 

Valve 

Kfeasure 

Max.  Allowable 

No. 

Press'Jre 

to  Port 

Position 

Tima 

Lealcage  cc/min. 

1 

4000 

Pressure 

De-energized 

3 

6 

2 

4000 

Cylinder 

De-energized 

3 

6 
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It-, 6. 5  PresBVAre  drop  -  Determine  the  pressure  drop  hetweeB.  the  pressure 
port  and  the  cylinder  port  at  rated  flov;.  A  hack  pressure  of  200  psi  mlnlraum 
shall  he  maintained  on  the  downstream  side  of  the  valve.  This  test  shall 
he  run  at  a  fluid  temperature  of  95“  ±  15“F.  The  pressure  drop  through  the 
valve  shall  not  exceed  50  pal.  This  pressure  drop  does  not  include  the 
pressure  dr'op  through  the  test  manifold  or  housing. 

4.6.6  SvcT’ge  pressure  -  The  surge  pressure  test  shall  ha  performed  at 

a  temperature  of  95“  ±  15“F.  The  test  shall  he  set  up  as  shown  in  Figure  2. 
With  the  valve  in  the  de-energized  position  and  the  cylinder  port  open, 
pressure  shall  huild  up  to  6000  ±  300  psi  in  the  accumulator.  The  directional 
control  valve  shall  then  he  quickly  actuated  to  permit  butesb  pressure  to 
the  pressure  port.  The  teat  valve  shall  receive  25  such  applications  of 
surge  pressure.  The  total  leakage  measured  at  the  cylinder  port  for  the 
25  surge  pressvire  applications  shall  not  exceed  l8cc, 

4.6.7  Solenoid  current  drain  -  Apply  28  volts  direct  current  to  the 
solenoid.  The  cvirrent  drain  shall  not  exceed  1.0  ampere  measured  1  second 
after  application  of  voltage.  The  ambient  temperature  shall  he  95°  ±  15“F 
for  this  test.  This  current  shall  hold  the  valve  in  the  open  position, 

4.6.8  Dielectric  strength  -  The  solenoid  shall  he  soalced  at  not  less 
than  650°F  for  8  hours  or  longer  and  held  at  650°F  while  600  volts  root 
mean  square  is  applied  between  the  solenoid  and  groimd  for  a  period  of 

60  seconds.  There  shall  be  no  failure  or  damage  to  the  coils. 

4,6«9  Timing  test  -  An  oscillograph  shall  he  used  to  plot  electrical 
input  to  the  solenoid  and  pressure  at  the  cylinder  pcxrt,  simultaneously. 

With  4,00d  psi  applied  to  the  pressure  port,  energize  the  solenoid.  The 
time  lapse  between  electrical  application  and  pressure  rise  to  4,000  +  50  psi 
at  the  cylinder  port  shall  not  exceed  0.10  second.  The  temperature 

shall  he  95“  ±  15“F  for  this  test. 
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l)-.6.10  Extreme  tempera tiire  performance 

4 *6. 10.1  Low  temperature  operation  -  The  teat  set  up  shall  be  similar 
to  Figure  3*  Bleed  the  system  of  air  and  charge  to  5  to  10  psi. 

Close  valve  "A",  The  test  valve  shall  be  maintained  at  a  temperatuie  not 
wanner  than  -65°?  for  8  hours  or  longer.  The  valve  shall  be  de-energized 
during  this  soaking  i)erlod.  With  50  psi  pressure  differential  between 
pressure  and  cylinder  port  the  valve  shall  open  with  no  more  than  18  volts 
applied  to  the  solenoid.  The  valve  shall  be  de-energized  and  4000  psi  applied 
to  the  pressvire  port.  The  valve  shall  open  and  function  prUperly  with  no 
more  than  I8  volts  applied  to  the  solenoid.  The  voltage  shall  be  decreased 
and  the  coil  voltage  at  which  the  valve  will  fully  close  shall  be  recorded. 

The  temperature  shall  be  raised  to  -20“F  and  the  above  procedure  repeated. 
After  this  test  is  completed  60OO  psi  shall  be  applied  to  the  pressure  port 
with  the  temperatiure  held  at  not  warmer  than  -20®F,  Energize  the  solenoid 
with  28  volts  maximum.  The  valve  shall  fully  open  and  function  properly. 
Reduce  the  voltage  slowly  until  the  maximum  voltage  at  which  the  valve  will 
fully  close  can  be  determined.  This  value  shall  be  recorded.  Leakage  test 
pViqll  be  performed  to  4.6.4  while  the  valve  is  not  ^rarmer  than  -20°F, 

4.6,10.2  Rapid  warm  up  -  The  test  set-up  for  the  low  temperattire  test 
shall  be  used  for  this  test.  With  valve  "A"  open  and  valve  "B"  closed 
apply  a  pressure  of  4000  psi  to  the  pressiire  port  of  the  test  valve. 

The  fluid  temperature  shall  be  warmed  up  rapidly  from  -20®F  by  closing 
valve  "C"  and  flw/ing  through  the  relief  valve.  VJhen  this  temperature 
reaches  +74®F  valve  ”C"  shall  be  opened  and  the  solenoid  shall  be  energized 
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S5V  for  Ixnr  Temperature  and  Rapid  Warm  Up  Test 
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with  a  roaxlmuin  of  I8  volts  for  5  seconds.  This  shall  permit  rated  flow  to 
pass  throu^  the  valve.  At  the  end  of  5  seconds  valve  "C"  shall  he  closed 
and  the  above  procedure  repeated  when  the  fluid  temperature  reaches  I68, 

262,  356,  and  450*P.  At  each  of  these  checks  the  test  valve  shall  fully 
open  each  time  the  solenoid  is  energized  and  shall  fully  close  each  time 
the  solenoid  is  de-energized. 

4.6.10.3  High  temperature  operation  and  leakage  -  The  test  set-up 
shall  he  similar  to  Figure  4.  With  the  system  hied  of  air  anfl  charged 
to  5  to  10  psi  the  entire  set-up  shall  he  maintained  at  no  less  than  450“F 
for  6  hoinrs  or  longer.  The  valve  shall  he  de-energized  during  this  period. 
Apply  4000  psi  pressure  to  the  pressure  port  and  determine  the  coll 
voltage  required  to  open  the  valve.  This  value  shall  not  exceed  I8  volts. 
Decrease  the  coll  voltage  \mtil  the  valve  closes  and  record  this  voltage 
value.  Repeat  this  procedure  for  five  complete  cycles.  No  long  waiting 
period  between  operations  is  necessary.  Leakage  test  shall  he  performed 
per  paragraph  4,6,4  while  the  valve  is  at  a  temperature  of  450“F,  The 
allowable  leakage  rate  shall  he  as  specified  in  Table  X.  There  shall  he 
no  external  leakage  during  this  test. 

4.6.11  Endurance  -  The  test  set-up  shall  he  similar  to  Figure  5* 

The  valve  shall  he  subjected  to  a  total  of  20,000  cycles  of  opening  and 
closing  by  energizing  and  de-energizing  the  solenoid  while  a  pressxjire  of 
4000  psi  is  applied  to  the  pressure  port.  The  valve  shall  pass  maximum 
rated  flow  wh<?n  the  valve  is  in  the  energized  position.  The  pressure  shall 
he  monitored  with  a  transducer  and  the  overshoot  pressure  shall  he  recorded. 
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Tile  endurance  test  shall  be  conducted  while  the  valve  undergoes  a  time- 
temperature  spectrum  as  shown  in  Figure  6,  Ihe  20,000  cycles  shall  be 
accomplished  by  going  through  the  spectrum  four  times.  The  valve  shall  be 
cycled  at  the  rate  of  12  to  l6  cycles  per  minute.  Prior  to  going  through 
a  spectrum,  the  valve  and  fluid  shall  be  maintained  at  a  temperature  not 
warmer  than  -65‘’P  for  8  hours  or  longer.  After  completing  the  four 
8i)ectrums  the  valve  shall  be  tested,  and  sliall  meet  the  requirements 
specified  in  paragraph  14-.6.U.  No  external  leakage  shall  occur  during 
this  test. 

4.6.12  Vibration  test  - 

a.  With  the  fluid  temperature  maintained  at  95°  ±  15°F  the  valve 
shall  be  actuated  at  a  rate  of  12  to  l6  cpm.  Actuation  shall  be  accomplished 
by  energizing  and  de-energizing  the  solenoid  while  4000  psi  is  applied  to 
the  pressure  port.  ^Vhile  the  valve  is  being  actuated  it  shall  be  vibrated 

in  a  horizontal  direction  with  the  frequency  varying  between  5  to  2000  cps 
in  30  minutes.  The  amplitude  shall  be  .04  inches  (,08  inch  total  excursion) 
or  15G  whichever  is  limiting.  This  test  should  be  repeated  two  times  and 
during  this  time  the  frequency  of  any  and  all  resonant  points  (natural 
frequency)  shall  be  noted.  Vibrate  the  valve  for  90  minutes  at  the  most 
severe  resonant  frequency  noted  at  .08  inch  total  exciu-sion  or  15G, whichever 
is  less  severe.  If  no  resonant  frequency  is  noted  the  valve  shall  be 
vibrated  at  500  cps. 

b.  Repeat  (a)  changing  the  direction  of  vibration  90° 
horizontally. 

c.  Repeat  (a)  changing  the  direction  of  vibration  to  vertical. 


Temperature  Spectrum  far  Endurance  Test 
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d.  After  completion  of  (a)#  (h),  and  (c)  the  valve  shall  be 
checked  per  paragraph  4.6,U  except  that  the  allowable  leakage  given  In 
paragraph  4,6.4  is  Increased  by  50  percent. 

e.  The  valve  shall  then  be  removed  from  the  manifold  and 
visually  inspected  for  any  mechanical  failures. 

4.6.13  Salt  spray  test  -  The  valve  shall  be  Installed  in  the  test 
manifold  irith  electrical  connection  running  outside  the  test  chamber.  The 
valve  shall  be  subjected  to  a  100  hour  salt  spray  test  in  accordance  with 
Federal  Test  Method  Standard  No.  I51,  Method  8II.  At  the  conclusion  of 
this  sat  period,  the  valve  shall  be  air  dried  for  6  hours,  then  subjected 
to  the  Dielectric  test  (ref.  4.6.8).  The. valve  shall  then  be  cycled  by 
energizing  and  de-energizing  the  solenoid  with  an  I8  volt  source  of  direct 
ctirrent  with  4000  psi  applied  to  the  pressure  port.  Rated  flm  shall  be 
passed  when  the  solenoid  is  energized  and  no  flow  must  pass  when  the  solenoid 
is  de-energized. 

4.6.14  Burst  pressure  test  -  With  the  cylinder  port  plugged  and  the 
valve  energized,  pressure  shall  be  applied  to  the  pressure  port  at  a  rate 
not  to  exceed  25,000  psi  per  minute  until  10,000  psi  is  reached.  This 
pressure  shall  be  held  for  2  minutes.  There  shall  be  no  rupture  of  external 
or  Internal  parts.  The  fluid  temperature  shall  be  95  ±  15“F  for  this  test. 
This  test  shall  be  repeated  with  the  valve  de-energized, 

5.  PREPARATION  FOR  DELIVERY  . 

5.1  Preservation  and  pacltaging  -  Each  component  shall  be  filled 
with  hydraulic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of 
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components  shall  ho  completely  coated  with  fluid  and  then  drained  to  the 
drip-point  prior  to  sealing.  Bio  component  shall  than  ha  wrapped  or  bagged 
in  grade  A  grease-proof  paper  conforming  to  Specification  MIL-B-121  and 
sealed  with  tape  conforming  to  Specification  PPP-T-60,  Eacii  wrapped 
ccxnponent  shall  he  packaged  in  accordance  with  the  manufacturer's 
commercial  practices. 

5.2  Marking  of  shipments.-  Interior  packages  and  exterior  shipping 
containers  shall  he  marked  in  accordance  with  Standard  MIL-STD-129;  and 
shall  include  the  following: 

Stock  No.  as  specified  in  the  purchase  document 

Name  of  part 

MS  part  no. 

Month  and  year  of  manufacture 

Class  or  sir.e 
6.  NOTE'S 

6.1  Intended  use  -  The  shut-off  valve  covered  by  this  specification 
is  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by 
Specification  MIL-H-889I  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-0446.  The  valve  la  further  intended  for  use  in  a 
manifolded  or  packaged  type  system. 

6.2  Ordering  data  -  Procurement  documents  should  specify  the  follov^ing: 

(a)  Title,  number,  and  date  of  this  specification 

(b)  MS  part  number 

(c)  Class 

(d)  Federal  stock  number 
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6.3  Qualification  -  With  respect  to  products  requiring  qualification, 
awards  will  bo  made  only  for  such  products  as  have,,  prior  to  the  time  set 
for  opening  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 
Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this 
requirement,  and  the  manufacturers  are  urged  to  arrange  to  have  the  products 
that  they  propose  to  offer  to  the  Federal  Government  tested  for  qualification 
in  order  that  they  may  be  eligible  to  be  awarded  contracts  or  orders  for  the 
products  covered  by  this  specification.  The  activity  responsible  for  the 
Qualified  Products  List  is  the  Bureau  of  Naval  Weapons,  Navy  Department, 
Washington  25,  D.  C.,  however,  information  pertaining  to  qualification  of 
products  may  be  obtained  from  the  Coinmanding  Officer,  U,  S.  Naval  Air 
Nfaterial  Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE;  When  Government  drawings,  specifications,  or  other  data  are  used 

for  any  purpose  other  than  in  connection  with  a  definitely  related 
Government  procurement  operation,  the  United  States  Government 
thereby  incurs  no  responsibility  nor  any  obligation  whatsoever; 
and  the  fact  that  the  Government  may  have  formulated,  furnished, 
or  any  way  supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any 
manner  licensing  the  holder  or  any  other  person  or  corporation, 
or  conveying  any  rights  or  permission  to  manufacture,  use,  or  sell 
any  patented  invention  tliat  may  in  any  way  be  related  thereto. 

Preparing  activity: 


Custodians; 

Navy  -  Bureau  of  Naval  Weapons 


Navy  -  Bureau  of  Naval  Weapons 
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Suggested  MIL  Specification  for  Solenoid  Operated  Three-Way, 
Two  Position  Selector  Valve 
Suggested  MS  Standard  for  Solenoid  Operated  Three-Way, 
Two  Position  Selector  Valve 
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FED.  SUP  CLASS 


P.A.  HAVI  BUHEPS 

Other  CusI 

TITLE 

VALVE,  MODULAR  HYDRAULIC 

SWAY,  2  POSITION  SELECTOR 

It.OOO  ESI,  Tfl’E  ITI  STSTEH 

mmm  siANiwtp 

MS 

PROCUREMENT  SPECIFICATION 
«€-  ‘ 

SUPERSEDES: 

SHEET  OF 

1  a 

FED.  SUP  CLASS 


DETAIL  REQUIREMENTS 


TEMPERATURE  tIMITSi  +450  FIUID  AND  +650  AMBIENT  MAXltWM.  VALVE  SHALL  PUKOTIOH  AT  -65°P. 
PRESSUREl  OPERATING  UOOO  PSI,  PROOF  6000  P3I,  BURST  10,000  PSI. 

FLUIDI  SPECIFIOATION  MIL-H-6446, 

SEALSI  SPECIFICATION  MIL- 

LIFEl  SEE  SPEOIFIOATIOH  Ml-  FOR  ENDURANCE. 

PRESSURE  DROPt  50  PSI  MAXIMUM  AT  RATED  FLOW. 


MATERIAL!  SEE  SPECIFIOATION  ML- 

FIHISHl  SEE  SPECIFICATION  MIL- 

MACHINE  FINISHES  I  SEALING  SURFACES  (NOTED  BV  SYMBOL  ▼  )  SHALL  BE  l6  RHR.  AU  OTHER  SURFACES  SHALL  BE  185  RHR 
PER  MIL-STD-10. 

TOLERANCES!  THE  THREE  VALVE  SEALING  SURFACES  SHALL  BE  PARALLEL  TO  EACH  OTHER  WITHIN  .002  FIR.  THE  SEALING  SURFACE 
DEFINED  BY  "E"  DIAMETER  SHALL  BE  PERPENDICULAR  TO  THE  AXIS  OF  DIE  VALVE  THREAD  WITHIN  .001  FIR.  THE  THREE  SEAL¬ 
ING  SURFACES  WITHIN  THE  CAVITY  .SHALL  BE  PARALLEL  TO  EACH  OTHIH  WITHIN  .002  FIR.  THE  FACE  DEFINED  BY  "M"  DIAFH'T  R 
SHALL  BE  PERPENDICULAR  TO  THE  AXIS  OF  THE  CAVITY  THREADS  WITHIN  .001  FIR. 

LINEAR  TOLERANCE!  UNLESS  OTHERWISE  NOTED  i  .01  INCH 

ANGULAR  TOLERANCE  I  UNLESS  OTHERWISE  NOTED  *  2°. 

THIS  VALVE  IS  INTENDED  FOR  INSTALLATION  IN  A  MANIFOLD  OH  HOUSING  FOR  USE  IN  4000  PSI,  TYPE  III  HYDRAULIC  SYSTEMS  WITHIN 
THE  LIMITS  SPECIFIED  HEREIN  AND  BY  SPECIFICATION  MIL-  .  THE  ELECTRICAL  POWER  USED  TO  ENERGIZE  THE  VALVE 

SHALL  BE  DIRECT  CURRENT  IN  AOCORDAHOE  WITH  SPECIFICATION  MIL-E-7894ASa. 

SEALING  SURFACES  ARE 'DENOTED  BY  THE  SYMBOL  ▼  . 

THREADS  SHALL  CONFORM  TO  SPECIFIOATION  MIL-3-7742. 

THE  APPLICABLE  MB  PART  NUMBER,  THE  WORDS  “3  WAY  ,  2  POSITION  SELECTOR  VALVE",  THE  RATED  FLOW,  AND  THE  MANUFACTURER'S 

NAME  OH  TRADEMARK  SHALL  BE  PER1.JANENTLY  MARKED  OH  A  NAMEPLATE  OR  DIRECTLY  ONTO  IHE  SOLENOID  SO  THAT  THE  IDENTIFICATION 
IS  VISIBLE  WHEN  TIE  VALVE  IS  DrTALLED. 

THE  VALVE  IS  TO  FUNCTIOH  AS  SHOWN  IN  THE  FOLLOMIHO  SCHEMATIC. 


DE-ENERGIZED 


VALVE  DIMENSIONS 


NAVY  BUWEPS 


Other  Cust 


VALVE,  MODULAR  HYDRAULIC 

■5  WAY,  Z  POSITION  SEteCTOR  MS 


PROCUREMENT  SPECIFICATION  SUPERSEDES; 
MIL- 


11,000  PSI,  TYPb  III  uYSTEl-r 


APPROVED  REVISED 
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MILITARY  SPECIPICATIOW 

VALVE;  AIRCIRAljT  IfYDRAULIC  SELECTOR  -  SOLENOID  OPERATED 
3  WAY,  2  POSITION 

1.  SCOPE 

1.1  This  specification  covers  cartridge -type,  modular  hydraulic,  3  way, 

2  position,  solenoid-operated,  selector  valves,  for  use  in  Type  III  aircraft 
hydraulic  systems  conforming  to  Specification  MIL-H-889I. 

1.2  Classification.-  Selector  mlves  shall  be  of  the  followliag  classes; 

Glass  1  -  0  to  it  QPM 
Class  2  -  0  to  25  GPM 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of  invitation 
for  bids,  form  a  part  of  this  specification  to  the  extent  specified  herein. 
SPECIFICATIONS 
Federal 

PPP-T-60  Tape,  Pressure  Sensitive  Adhesive,  Waterproof 
Military 

MIL-B-121  Barrier  Material,  Greaseproof,  Flexible,  Waterproof 
MIL-I-6866  Inspection,  Penetrant  Jfethod  of 

MIL-I-6868  Inspection,  Process,  Magnetic  Particle 

MIL-H-6875  Heat  Treatment  of  Steels,  (Aircraft  Practice)  for 
MIL-S-7T^2  Screw  Threads,  Standard,  Aeronautical- 

MIL-E-789^  Electrical  Power,  Aircraft  Characteristics  of 
MIL-H-^91  Hydraulic  Systems,  Type  III;  Design,  installation.  Tests  and 
Data  Requirements,  General  Specification  for 
MIL-D-70327  Drawings,  Engineering  and  Associated  Lists 

Standards 

IiCEL-STD-10  Surface  Roughness,  Waviness  and  Lay 

MIL-STD-I29  M3.rklng  for  Shipment  and  Storage 

MIL-STD-143  Specifications  and  Standards,  Use  of 

MS-335^0  Safety  V/irii;g  -  General  Practices  for 

MS-20995  Wire  Lock 

Federal  Test  Method  Std.  No.  I5I  -  Metals;  Test  Methods 
Drawing 


MS- 
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2.2  Other  publicatione  -  Where  it  becomes  necessary  to  use  publications 
other  than  those  listed  in  2,1,  they  shall  be  selected  in  order  of  precedence 
set  forth  in  MIL-STD-llj-3*  Inhere  contractor  material  and  process  specifications 
ere  permitted  under  MEL-STD-l^S,  they  shall  contain  provisions  for  adequate  tests 
and  inspection. 

3.  REQUIREMEHTS 

3.1  Qualification  -  The  selector  valve  furnished  under  this  specification 
shall  be  a  product  which  has  been  tested  and  passed  the  qualification  tests  speci¬ 
fied  herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicable 
qualified  products  list. 

3.2  Materials  and  processes  -  ^feterials  axid  processes  used  in  the  meinufacture 
of  these  valves  shall  conform  to  the  following  requirements  and  to  the  applicable 
sped  f ioations  as  defined  in  Section  2. 

3.2.1  Ifetals  -  All  metals  shall  be  contpatible  with  the  fluid  and  intended 
temgperature,  functional,  service,  and  storage  conditions  to  which  the  components 
will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting  type  or  shall  be 
adequately  protected  to  resist  corrosion,  during  the  normal  service  life  of  the 
valve,  which  may  result  from  such  conditions  as  dissimilar  metal  combinations, 
moisture,  salt  spray,  and  high  temperature  deterioration,  as  applicable.  Copper, 
aluminum,  and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the  pro¬ 
curing  agency. 

Ferrous  alloys  shall  have  a  chromium  content  of  not  less  than  12  percent  or 
shall  he  suitably  protected  against  corrosion.  In  addition,  cadmium  and  zinc 
platings  shall  not  be  used  for  interxial  parts  or  on  internal  surfaces  in  contact 
with  hydraulic  fluid  or  exposed  to  its  vapors. 
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3.2.2  Sub-zero  stabilization  of  steel  -  Close-fitting,  sliding,  steel  parts 
shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6875  to  reduce 
warpage  tendencies. 

3.2.3  Plastic  parts  -  Plastic  parts  shall  be  used  only  with  the  approval  of 
the  procuring  activity  for  each  application. 

3*3  Parts  -  Standard  parts  selected  in  accordance  with  Section  2  shall  he 
used  wherever  tliey  are  suitable  for  the  purpose,  and  shall  he  identified 
on  the  drawing  by  their  part  numbers.  Commercial  utility  parts  such  as  screr^s, 
holts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration  ard 
provided  the  approved  standard  part  is  referenced  in  the  parts  list  and,  if 
practicable,  on  the  manufacturer's  drawings. 

3.*4'  Design  and  construction. 

3.4.1  Envelope  -  The  external  configuration,  dimensions,  and  other  details 
of  the  design  shall  conform  to  the  requirements  of  this  specification  and  MS- 

3.4.2  Hydraulic  fluid  -  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  confonning  to  Specification  l^iIj-H-8446. 

3.4.3  Teirperature  range  -  The  valves  shall  be  designed  to  meet  tlie  functional 
and  operational  requirements  of  this  specification  throughout  a  fluid  toiiperature 
range  of  -65°P  to  450°P  and  an  ambient  temperature  range  of  -65°P  to  650°P. 

Tlujre  shall  be  no  evidence  of  external  leakage  or  chatter  when  tested  per  4.6.10. 

3.4.4  Threads  -  Only  class  three  threads  conforming  to  specification 
MiL-3-7742  shall  be  used. 

3.4.5  Seals  -  Seals  shall  be  of  metallic  construction  and  shall  be  approved 


by  the  procuring  agency 
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3.4.6  Safetying  -  Threaded  parts  shall  he  positively  looted  or  safetied 
by  safety-wiring,  self-looMng  nuts,  or  other  approved  methods.  Safety-wire 
shall  be  applied  in  accordance  with  standard  drawings  M3-33540  and  M3-20995. 

3.4.7  Retainer  rings  -  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used  in 
hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or  Jamming  of 
the  valves. 

3.4.8  Structural  strength  -  The  valves  shall  have  sufficient  strength  to 
withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure,  temperature 
variations,  and  installotlon. 

3.4.9  Weight  -  The  weight  shall  be  kept  to  a  minimum  consistent  with  good 
design,  and  shall  be  specified  on  the  applicable  drawing. 

3.4.10  Mounting  position  -  The  valves  shall  satisfy  the  performance  require¬ 
ments  when  mounted  in  any  position. 

3.4.11  Flow  control  -  The  valves  shall  be  designed  to  pass  rated  f3.ow  per 
1.2  from  inlet  port  to  outlet  when  the  solenoid  is  energized.  Flow  shall  be 
checked  or  blocked  from  outlet  to  inlet  port. 

3.4.12  Surface  roughness  -  Surface  roughness  finishes  shall  be  established 
and  shall  be  specified  on  the  manufacturer's  assembly  drawings  as  outlined  in 
MIL-STD-10. 

3.4.13  Solenoid  -  The  solenoid  shall  be  of  single  coil  construction,  compact 
design,  and  of  sufficiently  rugged  construction  to  withstand  the  mechanical 

shocks  and  stresses  incident  to  its  use  in  aircraft.  Solenoids  shall  be  designed  « 
for  continuous  duty  with  the  solenoid  totally  enclosed  and  shall  be  so  designed 
that  the  hydraulic  fluid  can  at  no  time  come  in  contact  with  the  electrical 
windings.  Tlie  solenoid  sliall  operate  with  direct  current  in  accordance  with 
Specification  MIL-B-7894- 
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3»5  InterChangeaMlity 

3.5.1  Manufacturer's  parts  -  All  parts  having  the  same  manufacturer's  part 
number  shall  be  directly  and  con^letely  interchangeable  with  each  other  vith 
respect  to  installation  and  performance.  Changes  in  manufacturer's  part  numbers 
shall  be  governed  by  the  drawing  number  requirements  of  Specification  MIL-D-70327. 
Subassemblies,  composed  of  selected  mating  components,  must  be  interchangeable 

as  assembled  units,  and  shall  be  so  indicated  on  the  manufacturer's  drawings. 

^e  individual  coioponents  of  such  assembled  units  need  not  be  Interchangeable. 

3.5.2  Maintalmbility  -  Modular  valves  shall  be  self-contained  components 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another 
housing  without  any  detail  disassembly,  readjustment  of  setting,  or  impairment 
of  function. 

3*6  Identification  -  Each  valve  shall  have  the  identifying  markings  placed 
on  the  hex-head  or  the  flange  so  that  the  identification  can  be  zread  when  the 
valve  is  Installed  in  the  manifold  cavity.  Each  valve  shall  be  permanently  and 
legibly  marked  with  the  following  information  per  MIL-H-7911. 

Valve,  Selector,  3  Way,  2  position 

I 

MS- 

Manufaoturer's  Part  Ifvimber 

Manufactuer's  Nan e  or  Trademark 

3.7  Workmanship 

3.7.1  Quality  -  Workmanship  shall  be  of  sufficiently  high  quality  to  insure 
satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise  extreme 
care  In  fabricating,  assembling,  handling,  and  packaging  valves  to  assure  that 
the  components  are  clean  and  free  of  contamination.  All  parts  shall  be  free  from 
pits,  rust,  scrapes,  splits,  cracks,  burrs,  asid  sharp  edges. 
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3.7.2  Physical  defect  inspection  -  All  magnetizable  highly  stressed 
parts  shall  be  subjected  to  magnetic  inspection  per  Specification  MIL-I-6868.- 
Cracks  or  other  injurious  defects  disclosed  by  the  inspection  shall  be  cause 
for  rejection.  All  non-magnetizable  highly  stressed  parts  shall  be  subjected 
to  fluorescent  penetrant  inspection  per  Specification  MIL-I-6866.  Cracks  or 
other  injurious  defects  disclosed  by  the  inspection  shall  be  cause  for  rejection. 

3.8  Performance 

3.8.1  Rated  flow  and  operating  pressure  -  The  valves  shall  be  designed  to 
insure  satisfactory  operation  and  service  life  at  rated  flow  per  1.2  and  at  an 
operating  pressure  of  4,000  psl,  when  tested  per  4.6.2.  The  valves  shall  be 
capable  of  operation  at  6,000  psi. 

3.8.2  Proof  pressure  -  The  valves  shall  be  designed  to  v/lthstand  a  proof 
pressure  of  6,000  psi,  when  tested  per  4.6.4.  There  shall  be  no  external  lealcage, 
permanent  set,  or  other  damage. 

3.8.3  Burst  pressure  -  The  valves  slmll  be  capable  of  withstanding  a  burst 
pressure  of  10,000  psi,  when  tested  per  4.6.13.  There  shall  be  no  evidence  of 
rupture  of  internal  or  external  parts. 

3.8.4  Valve  operation 

3. 8. 4.1  Positions  -  The  valves  shall  be  closed  in  the  de-energized  position 
with  the  cylinder  port  open  to  return  and  shall  be  open  in  the  energized  position 
with  the  pressure  port  open  to  the  cylinder  port,  when  tested  per  4,6.2,  Refer 
to  Figure  1. 


I 


Figure  1 
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3. 8. 4. 2  Pressures  -  The  valves  shall  operate  with  a  pressure  differential 
of  50  psi  and  with  pressure  on  the  pressure  port  dm  the  range  from  return 
pressure  of  250  psi  to  6,000  psi,  when  tested  per  4,6.2. 

3 *8, 4. 3  Electrical  characteristics  - 

3.8.4.3«1  The  valves  shall  be  designed  for  a  28  volt  direct  current  system 
and  shall  be  capable  of  satisfactory  operation  v/hen  18  volts  is  applied  at  4,000 
psi  and  when  28  volts  is  applied  at  6,000  psi  throughout  the  ambient  and  operating 
temperature  ranges,  when  tested  per  4.6.10. 

3. 8. 4. 3. 2  With  28  volts  direct  current  applied  to  the  coll  terminals,  the 
peak  current  drain  shall  not  exceed  1.0  anpere,  when  tested  per  4.6.7» 

3. 8. 4. 3. 3  The  time  lapse  between  energizing  the  solenoid  and  the  pressure 
switch  actuation  shall  not  exceed  0.10  second,  when  tested  per  4.6, 9* 

3. 8.4. 3*4  There  shall  be  no  breakdown  of  the  dielectric  material  of  the 
solenoid  that  could  cause  damage  or  coil  failure  when  600  volts  rms  is  applied 
per  4,6.8. 

3.8.5  Internal  lealiage  -  The  internal  lealtage  of  the  valves  shall  not  exceed 
the  values  of  Table  I,  when  tested  per  4.6.3. 


TABLE  I 

MAXIMUM  ALLOWABLE  HttERHAL  LEAKAGE 


PORT 

PRESSURE 
APPLIED  TO 

CLOSED 

PORTS 

(Capped) 

VALVE 

POSITION 

LEAKAGE  PER  MINUTE 

CLASS  1 
VALVE 

CLASS  2 
VALVE 

4,000 

PRESS. 

RETURN 

DE-ENERGIZED 

10c  c 

l4cc 

4,000 

PRESS. 

CYLINDER 

ENERGIZED 

lOcc 

l4cc 

400 

RETURN 

CYLINDER 

DE-ENERGIZED 

2cc 

3cc 
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3.8.6  Pressure  drop  -  The  pressure  drop  through  the  valves  shall  not  exceed 

50  psi  when  tested  per  This  pressure  drop  shall  not  Include  the  pressure 

drop  through  the  manifold  or  housing. 

3.8.7  Surge  pressure  -  The  valves  shall  he  capable  of  withstanding  a  surge 
pressure  of  6,000  psi,  when  tested  per  l)-.6.6.  The  internal  leakage  shall  not 
exceed  the  values  of  Table  I  and  valves  shall  not  shuttle. 

3.8.8  Endurance  -  The  valves  shall  be  capable  of  satisfactory  operation  for 
a  total  of  20,000  cycles  at  a  rate  of  12  to  io  cpm,  when  tested  per  4.6.11. 

3.8.9  Vibration  -  The  valves  shall  be  capable  of  withstanding  vibration  from 
5  to  2,000  cps  at  an  aniplitude  of  0.04  inches  (0«08  inch  total  excursion)  or  15G 
whichever  is  limiting,  in  each  of  tlie  three  mutually  perpendicular  planes,  when 
tested  per  4.6.12. 

3.8.10  Salt  spray  -  The  valves  shall  function  satisfactorily  after  exposure 
to  100  hours  of  salt  spray,  when  tested  per  4,6,l4. 

4.  QUALITY  ASSURMCE  PR0VISI0H3 

4.1  Inspection  responsibility  -  The  manufacturer  is  responsible  for  the 
performance  of  all  inspection  requirements  prior  to  submission  for  Government 
inspection  and  acceptance.  Except  as  otherwise  specified,  the  manufacturer  may 
utilize  his  own  facilities  or  any  commercial  laboratory  acceptable  to  the  Govern¬ 
ment.  Inspection  records  of  the  examinations  and  tests  shall  be  loept  complete  and 
available  to  the  Qoveminent  as  specified  in  the  contract  or  order, 

4.2  Classification  of  tests  -  The  inspection  and  testing  of  selector  valves 
shall  be  classified  as  follows: 

(a)  Qualification  tests 

(b)  Acoeirtjance  tests 
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Ql'-Sa  j-j.  *,  iLca  s.ij.  Coi>t3 

4.3.1  Sanrpllng  Instructions 

4. 3. 1.1  Samples  of  selector  valves  for  qualification  tests  shall  consist  of 
one  specimen  of  each  class  valve  upon  which  qualification  desired. 

4. 3. 1.2  The  specimen  shall  he  assemhled  of  parts  which  conform  to  manufacturer's 
drawings . 

4. 3. 1.3  The  manufacturer  shall  provide  calculations  showing  that  adequate 
clearance  of  moving  parts  is  provided  at  ~65°P  and  450°F,  using  the  most  adverse 
dimensions.  The  room  temperature  reference  point  shall  be  70°P* 

4.3.2  Qualification  tests  -  The  qualification  tests  shall  consist  of  the 
following  tests  which  shall  be  conducted  in  the  order  li.eted.  All  tests  are 
described  under  4.6  of  this  specification. 

A.  Examination  of  product  per  4.6.1, 

B.  Proof  pressure  per  4.6,4. 

C.  Pressure  drop  per  4.6.5. 

D.  Surge  pressure  per  4.6.6. 

E.  Dielectric  strength  per  4,6.8, 

F.  Solenoid  current  drain  per  4.6,7. 

G.  Timing  test  per  4.6.9. 

H.  Extreme  temperature  performance  per  4.6.10. 

I.  Endurance  per  4.6.11. 

J.  Vibration  par  4.6.12. 

K.  Salt  spray  per  4.6.14. 

L.  Burst  pressure  per  4.6.13, 
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h,k  Acceptance  tests  -  Acceptance  tests  sliall  "be  performed  on  Individual 
valves  or  lots  which  have  been  submitted  under  contract  to  deteiiiiine  conformance 
of  the  products  or  lots  with  requirenents  set  forth  in  this  specification  prior 
to  acceptance.  Each  valve  shall  be  subjected  to  the  following  tests: 

A.  Examination  of  product  per  4.6.1. 

B.  Proof  pressure  per  4.6.4. 

G.  Actuation  per  4.6.2. 

D.  Leakage  per  4.6.3* 

4.5  Test  conditions 

4.5*1  Test  fluid  -  The  test  fluid  shall  conform  to  Specification  MIL-H~8446. 

4.5.2  Fluid  temperature  »  If  the  fluid  temperature  is  not  otherwise  specified 
for  a  given  test,  it  shall  be  95*15°?  for  that  particular  test.  The  outlet  fluid 
ten®erature  shall  be  specified,  and  the  inlet  fluid  tetiiperature  may  be  reduced  to 
compensate  for  heat  generation.  The  fluid  teniperature  shall  be  measured  as  near  as 
practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component  shall  be 
bled  of  air  and  inert  gas  and  maintained  full  of  fluid. 

4.5.3  Contamination  -  Standard  fine  air  cleaner  test  dust  or  approved 

1 

contaminant  mixture  shall  be  added  through  the  reservoir  of  the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer 
or  shall  be  exterfially  excited  so  as  to  keep  the  contaminant  continuously  agitated 
or  mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  per 
three  gallons  system  fluid  capacity  has  been  introduced.  The  test  dust  shall  be 
appurtioned  as  follows: 

Size  of  particle  Percent  by  weight  of  total 

0  to  5  micron  39  ±  2 

5  to  10  micron  I8  ±  3 

10  to  20  micron  I6  *  3 

20  to  4o  micron  9  ±  3 
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4.5.4  Filtration  -  The  test  fluid  shall  be  continuously  filtered  tlirough 

a  filter  which  has  a  maximum  opening  that  does  not  exceed  25  microns.  The  filter 
and  element  used  shall  be  satisfactory  for  the  temperature  range  encountered,  and 
cleaned  or  changed  regularly  to  prevent  clogging. 

4.5.5  Test  housing 

4. 5. 5.1  Qualification  test  housing  -  All  tests  in  4.3*2  shall  be  conducted 
in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the  cavity. 

The  test  housing  shall  be  acceptable  to  the  procuring  agency. 

4. 5. 5. 2  Acceptance  test  housing  -  The  tests  in  4.4  may  be  conducted  in  the 
qualification  test  housing  or  in  a  housii^  having  any  other  exterml  configuration. 

4,6  Test  methods. 

4.6.1  Examination  of  product  -  Each  valve  shall  be  carefully  examined  to 
determine  conformance  with  the  requirements  of  this  specification  for  weight, 
workmanship,  marking,  conformance  of  dimensions  to  applicable  drawings,  and  for 
any  visible  defects.  The  determination  of  surface  finish  shall  be  made  with  a 
profilometer,  comparator  brush  anai^zer,  or  equally  suitable  coniparison  equipment 
with  an  accuracy  of  H;5  micro-inches  at  the  level  being  measured. 

4.6.2  Actuation  -  The  valve  shall  be  cycled  25  times  by  energizing  and 
de-energizing  the  solenoid  with  an  I8  volt  source  of  direct  current  while  2000 
psi  is  applied  to  the  pressure  port.  Repeat  this  procedure  with  4000  psi  applied 
to  the  pressure  port.  During  this  test,  general  functioning  of  the  valve,  relaticn 
between  energized  and  de-energized  position  with  oj^ning  and  closing  of  valve 
shall  be  in  accordance  with  paragraph  3*8.4  of  this  specification.  Actuation 

and  operation  shall  be  acceptable  at  I8  volts  direct  current.  There  shall  be  no 
external  leakage  during  this  test.  Repeat  the  above  test  with  6OOO  psi  applied 
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to  the  pressure  port. 

4.6,3  Lealcage  -  Test  in  accordance  with  Table  II.  The  valve  shall  be 
actuated  between  each  test,  and  shall  be  free  of  air  before  each  tneasrrement. 
Allow  15  seconds  maximum  to  bring  the  pressure  from  zero  to  test  pressure.  The 
measurement  period  must  begin  within  3  minutes  after  application  of  test  pressure. 


TABLE  II 

LEAKAGE  TEST  CONDITIONS 


Class 

Valve 

Test 

No, 

Test 

Pressure 

Apply 
Pressure 
to  Port 

Ports 

Capped 

Valve 

Position 

Ifeasure 

Tima 

Allowable 
Leakage/ 
Minute  (max) 

Hj 

1 

4,000 

Pressure 

Return 

De-energized 

3,  min. 

10  cc 

2 

4,000 

Pressure 

Cylinder 

Energized 

3  min. 

10  cc 

3 

4oo 

Return 

Cylinder 

De-energized 

3  min. 

2  cc 

2 

1 

4, 000 

Pressure 

Return 

De-energized 

3  min. 

l4  cc 

2 

2 

4,000 

pressure 

Cylinder 

Energize 

3  min. 

l4  cc 

2 

3 

400 

Return 

Cylinder 

De-energized 

3  min. 

3  cc 

4.6.4  Proof  pressure  -  This  test  shall  be  performed  at  a  stabilized  temperature 
of  450°  +  15°F.  Pressure  shall  be  applied  to  the  pressure  port  at  a  rate  not 
exceeding  25,000  psi  per  minute  until  60OO  psx  is  reached.  This  proof  pressure 
shall  be  held  for  at  least  two  minutes.  The  cylinder  port  shall  then  be  plugged 
and  the  solenoid  energized.  With  the  valve  spool  in  this  position-  a  proof  pressure 
of  6000  psi  shall  be  held  for  at  least  two  minutes.  There  shall  be  no  external 
leakage,  permanent  set,  or  other  damage.  The  temperature  for  acceptance  testing 
shall  be  95°  *  15°F.  A  hand  pump  may  be  used  if  desired. 
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k.6,^  Pressure  drop  •“  For  the  rated  flow  for  each  cJass  valve,  determine 
the  pressure  drop  between  the  pressure  port  and  cylinder  port  and  between  the 
cylinder  port  and  the  return  porto  A  back  pressure  of  200  psi,  minimum  shall 
be  maintained  on  the  dovmstream  side  of  the  valve.  Biis  test  shall  be  run  at  a 
fluid  teniperature  of  95°  *  15°F  and  the  pressure  drop  thn>ugh  the  valve  shall  not 
exceed  50  psi»  The  pressure  drop  will  not  include  the  pressure  drop  through  the 
test  manifold  or  housing. 

4.6.6  Surge  pressure  -  The  surge  pressure  test  shall  be  performed  at  a 
teniperature  of  95°  +  15°F.  The  test  shall  be  set  up  as  shown  in  Figure  2»  The 
cylinder  port  and  the  retuiui  poit  shall  be  open  and  the  test  valve  shall  be  in  the 
de-energized  position.  The  directional  control  valve  shall  allon'i  pressure  to 
build-up  to  6000  psi  in  the  accumulator  with  the  test  valve  pressure  port  vented 
to  return.  The  directional  control  valve  shall  be  quickly  actuated  to  permit  surge 
pressure  to  the  pressure  port.  Tlie  test  \^lve  shall  receive  25  such  applications 
of  surge  pressure  within  a  period  of  2  minutes.  'Ihe  valve  shall  not  shuttle  or 
show  signs  of  leakage  exceeding  the  values  giTOii  in  Table  II, 

4.6.7  Solenoid  current  drain  -  Apply  28  volts  direct  currex't  to  solenoid. 

The  current  drain  shall  not  exceed  1,0  anrpare  at  95°  +  3.5°F  1.0  second  af'ber 
energizing  solenoid.  ' 

4.608  Dielectric  strength  ™  The  solenoid  shall  be  soaked  at  not  less  than  650°F 
for  8  hours  or  longer  and  held  at  650°F  while  600  volts  root  mean  square  is  applied 
between  the  solenoid  and  ground  for  a  period  of  60  seconds.  There  shall  be  no 
failure  or  evidence  of  damage  to  insulation, 

4.6,9  Timing  test  -  An  oscillograph  shall  be  used  to  plot  electrical  input  to 
the  solenoid  and  pressure  at  the  cylinder  port,  simultaneously.  With  the  return 
port  open  to  drain,  cap  the  cylinder  port  with  a  pressure  switch  adjusted  to 
actuate  at  3OOO  psi^  Energize  the  solenoid.  The  pressure  switch  shall  . 
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actuate  in  0.10  second  maximum.  De -energize  the  solenoid.  Within  0.10 
seconds  the  pressure  svitch  shall  actuate.  The  inlet  pressure  shall  be 
4000  psi  and  the  temperature  95°  ±  15°F  for  this  test.  , 

4.6,10  Extreme  temperature  performance  - 

4.6.10.1  Low  teii5>erature  operation  -  The  test  set  up  shall  be  similar  to 
Figure  3.  Bleed  the  system  of  air  and  charge  to  from  5  to  10  psi.  Close  valve 
"A"  and  "C".  The  test  valve  shall  be  maintained  at  a  teiiiperatm*e  not  wamer  than 
-65°P  for  8  hours  or  longer.  The  valve  shall  be  de-energized  during  this  soaldLng 
period,  A  differential  pressure  between  pressure  port  and  cylinder  port  of  250 
psi  shall  be  maintained  across  the  valve.  A  maximum  of  l8  volts  shall  be  required 
to  open  the  valve  and  pass  rated  flow.  The  solenoid  shall  be  de-energized  and 

4000  psi  applied  to  the  pressure  port.  The  voltage  to  the  solenoid  shall  be  increased 
and  the  coil  voltage  that  will  fully  open  the  valve  shall  be  l8  volts  max.  The 
solenoid  voltage  shall  be  decreased  and  coll  voltage  at  which  the  valve  fully 
closes  shall  be  recorded.  The  teii5)erature  shall  then  be  raised  to  -20°P  and  the 
above  procedure  repeated.  After  completion  of  the  above  procedure  and  with  the 
temperature  held  not  warmer  than  -2(f  F  the  pressure  shall  be  increased  to  6000  psi. 

The  voltage  required  to  fully  open  the  valve  shall  then  be  determined  and  this 
value  shall  be  28  volts  maximum.  Decrease  the  solenoid  voltage  and  determine  the 
poll  voltage  at  which  the  valve  will  fully  close. 

4.6.10.2  Rapid  warm  up  -  The  test  set  up  in  the  low  temperature  test  shall 

be  warmed  up  rapidly  from  -20°F.  Apply  4000  psi  hydraulic  pressure  to  the  pressure 
port.  Valve  "A"  shall  be  open  and  valve  "B”  shall  be  closed.  Valve  "C”  shall  be 
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adjusted  to  obtain  rated  flow  at  95°  ±  15°F.  Fluid  external  to  the  cold  box 
shall  be  stabilized  before  test  at  95°F  +  15°F  reservoir  fluid  temperature. 

The  voltage  required  to  fully  open  and  the  voltage  at  which  the  valve  will 
return  to  the  closed  position  shall  be  measured  in  approxiraqtely  six  equal 
increments  while  the  valve  warms  up  to  450°F  ±  15°F.  The  voltage  at  which  the 
valve  will  fully  open  shall  be  I8  volts  maximum  for  all  temperatures.  Wo 
external  leakage  shall  occur  during  this  test. 

4.6,10.3  High  temperature  operation  and  leakage  -  The  test  set-up  shall 

be  similar  to  Figure  4.  With  the  system  bled  of  air  and  pressurized  with  fluid 

at  4000  psi,  the  entire  set-up  shall  be  maintained  at  450°P  minimum  temperature 

for  not  less  than  6  hours.  The  valve  shall  be  de-energized  during  this  period. 

Determine  the  coil  voltage  required  to  fully  open  the  valve.  This  value  shall 

not  be  greather  than  I8  volts.  Decren-se  the  coll  voltage  and  determine  the 

voltage  at  which  tlie  valve  will  fully  close.  Repeat  this  procedure  for  five 

complete  cycles.  The  pressure  shall  be  maintained  at  4000  psi  on  the  pressure 

port  during  this  tost.  No  long  waiting  period  between  operations  is  necessary. 

Leakage  test  shall  be  performed  per  paragraph  4.6.3  while  the  valve  is  at  a 
,  o 

temperature  of  450  F.  The  internal  lealcage  rate  shall  not  be  greater 
than  the  values  given  in  Table  II,  There  shall  be  no  external  leakage 

during  this  test.  With  a  differential  pressure  of  25O  psi  ac3:*oss  the  valve, 
determine  the  voltage  required  to  open  the  valve  and  pass  rated  flow. 

4.6,11  Endurance  -  The  test  set-up  shall  be  similar  to  Figure  5.  The  valve 
shall  be  subjected  to  a  total  of  20,000  cycles  of  opening  and  closing  by 
energizing  and  de-energizing  the  solenoid  while  a  pressure  4000  psi  is  applied 
to  the  pressure  port  and  tine  valve  passes  maximum  rated  flow.  The  endurance 
test  shall  be  conducted  while  the  valve  undergoes  a  time -temperature  spectrum 
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as  shown  in  Figure  5»  The  20,000  cycles  shall  he  accomplished  by  going 
through  the  spectrum  four  times.  The  valve  shall  be  cycled  at  the  rate  of 
12  to  16  cycles  per  minute.  Prior  to  going  through  a  spectrum,  the  valve  and 
fluid  shall  be  soaked  at  a  temperature  not  warmer  than  -65°F  minimum  for  8  hour 
or  longer.  After  completing  the  four  spectrums  the  valve  shall  be  tested  and 
shall  meet  the  requirements  as  specified  in  paragraph  4. 6. 3*  Wo  external 
leal?ago  shall  occur  during  this  test. 

4.6.12  Vibration  test  - 

a.  With  the  fluid  temperature  maintained  at  95°  +  15°F  the  valve 
shall  be  cycled  at  a  rate  of  12  to  I6  cpm.  Cycling  shall  be  accomplished  by 
energizing  and  de-energizing  solenoid  while  4000  psi  pressure  is  applied  to 
pressure  pert.  While  the  valve  is  being  cycled  it  shall  be  vibrated  in  a 
horizontal  direction  with  the  frequency  varying  between  5  and  2000  cps  in  30 
minutes.  The  amplitude  shall  be  .04  Inches  (.08  inch  total  excursion)  or  15G 
whichever  is  limiting.  This  test  sliall  be  repeated  two  times  and  during  this 
time  the  frequency  of  any  and  all  resonant  points  shall  be  noted.  Vibrate 
the  valve  for  90  minutes  at  the  most  severe  resonant  frequency  noted  above 
at  .OO  in  total  excursion  esr  15  0,  whichever  is  less  severe.  If  no  resonant 
frequency  is  noted  the  valve  shall  be  vibrated  at  500  cps. 

b.  Repeat  (a)  changing  the  direction  of  vibration  90“  horizontally 

c.  Repeat  (a)  changing  the  direction  of  vibration  to  vertical. 

d.  After  completion  of  (a),  (b)  and  (0)  the  valve  shall  be 
c}iucV,ed  per  paragraph  4.6.3  except  that  the  allowable  leakage  shall  be 
irici’eased  by  50  percent. 
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e.  The  valve  shall  then  he  removed  from  the  manifold  and  vismlly 
inspected  for  any  mechanical  failitres. 

4.6,13  Burst  pressure  test  -  V71th  the  cylinder  port  plugged  and  the 
solenoid  energized,  pressijre  shall  be  applied  to  the  inlet  port  at  a  rate  not 
to  exceed  25,000  psi  per  minute  until  10,000  psl  is  reached.  This  pressure 
shall  be  held  for  2  minutes.  There  shall  be  no  rupture  of  external  or  internal 
parts.  The  fluid  temperature  shall  be  450  ±  15°F  for  this  test.  With  the 
cylinder  port  still  plugged,  the  solenoid  de-energized,  and  10,000  psi  applied 
to  the  pressure  port,  pi-essure  shall  be  applied  to  the  return  port  at  a  rate 
not  to  exceed  25,000  psi/min.  until  5,000  psi  is  reached.  There  shall  be  no 
evidence  of  rupture  of  external  or  internal  parts. 

4,6.l4  Salt  spray  test  -  The  valve  shall  be  subjected  to  a  100  hour  salt 
spray  test  in  accordance  with  Federal  Test  ffethod  Standard  No.  151,  Method  8II. 
At  the  conclusion  of  this  test  period,  the  solenoid  shall  be  air  dried  for  6 
hours,  then  subjected  to  a  Dielectric  test  at  60  cps  with  600  volts,  root  mean 
square,  for  60  seconds.  With  4000  psi  applied  to  the  pressure  port  the  valve 
shall  then  be  energized  with  no  more  than  I8  volts  and  the  valve  shall  open  ai3d 
pass  rated  flow. 

5.  PREPARATION  FOR  DELIVERY 

5,1  Preserviitlon  and  packaging  -  Each  con^ionent  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8446.  All  internal  surfaces  of  components 
shall  be  complei  elry  coated  with  fluid  and  then  drained  to  the  drip-point  prior 
to  sealing.  Tlie  component  shall  then  be  wrapped  or  bagged  in  grade  A  grease¬ 
proof  paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape  confornt* 
ing  to  Specification  PEP-T-60.  Each  wrapped  component  shall  be  paclcaged  in 
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accordance  with  the  manufacturer's  commercial  practices* 

5.2  Marking  of  shipments  -  Interior  packages  and.  exterior  shipping 
containers  shall  he  marked  in  accordance  with  Standard  MIL-STD-129;  and  shall 
include  tlie  following: 

Stock  No.  as  specified  in  the  purchase  document 

Name  of  part 

MS  part  No. 

Month  and  year  of  manufacture 

Class  or  size 
6.  NOTES 

6.1  Intended  use  -  The  selector  valves  covered  by  this  speciification 
are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by 
Specification  MIL-H-8891  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-84lt.6,  The  valve  is  further  Intended  for  use  in  a  manifold 
or  pacltaged  type  system. 

6.2  Ordering  data  -  Procurement  documents  should  specify  the  following: 

(a)  Title,  number,  and  date  of  this  specification 

(b)  MS  part  number 

(0 )  Class 

(d)  Federal  stock  number 

(e )  Pressure  setting 

6.3  Qualification  -  With  respect  to  products  req^uiring  ctualification, 
awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for 
opening  bids,  been  tested  and  approved  for  inclusion  in  the  applicable  Qualified 
Products  List  whether  or  not  such  products  have  actually  been  so  listed  by  that 
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date.  The  attention  of  "the  suppliers  is  called  to  this  rectuiretnent,  and 
manufacturers  are  urged  to  arrange  to  have  the  products  that  they  propose 
to  offer  to  the  Federal  Government  tested  for  qualification  in  order  that 
they  may  he  ellgihle  to  ha  a^mrded  contracts  or  orders  for  the  products 
covered  hy  this  specification.  The  activity  responsible  for  the  Qualified 
Products  List  is  the  Bureau  of  Maval  Weapom ,  Kavy  Deparbment^  Washington 
25;  D.  C,;  however.  Information  pertaining  to  qualification  of  products  may 
he  obtained  from  the  Commanding  Officer,  U.  S.  Naval  Mr  Material  Center, 

Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE:  When  Government  drawings,  specifications,  or  other  data  are 

used  for  any  purpose  other  than  in  connection  with  a  definitely 
related  Government  procurement  operation,  the  United  States 
Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  any  way  supplied  the  said  drawings,  specifications, 
or  other  data  Is  not  to  be  regarded  by  implication  or  otherwise 
as  in  any  manner  licensing  the  holder  or  any  other  person  or 

t 

corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
use,  or  sell  any  patented  Invention  that  may  in  any  way  be  rtlated 
thereto. 

Custodians;  Preparing  activity; 

Navy  -  Bureau  of  Naval  Weapons  Navy  »  Bureau  of  Naval  Weapons 

Air  Force 
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Figure  2  -  Surge  Pressure  Tes'^t 'Set<^Up 
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Pigux’e  3  -  Low  Temperature  &  Rapid  Fluid  Warm-Up  Test  Set-Up 
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Relief  valve  (set  to  allow 
approximately  rate  flow 
through  the  teat  valve 
with  3750  ±  250  pal  at 
the  gage. 


umo  —A 


Pump 


Relief  valve  (aet  to  - 

maintain  4000  ±  50  pal  at 


-Teat  valve  &  manifold, 


the  gage  when  there  is 
no  flow  through  the  teat 
valve ) , 


Figure  5  -  Endurance  Test  Set-Up 
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^  APPENDIX  XI 

Suggested  MIL  Specification  for  Solenoid  Operated  Pour-Way 
Three-Position  Selector  Valve 
Suggested  MS  Standard  for  Solenoid  Operated  Four-V/ay 
I  Three -Position  Selector  Valve 

[  . (Cartridge  Type) 

Suggested  MS  Standard  for  Solenoid  Operated  Four-Way 
Three -Position  Selector  Valve 

*  (Face  Mounted  Type) 
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LOOTS  SPECrFIED  HEREIN  AND  BY  SPECIFIOATION  MIL-  .  THE  ElEOTRICAL  POWER  USED  TO  ENEROIZE  THE  VALVE 

SHALL  BE  DIRECT  CURRENT  m  ACCORDANCE  WITH  SPECIFICATION  MIT,-E-7894ASG.  THE  MANIFOLD  MOUNTING  FACE  SHALL  MATCH 
THE  VALVE  IDUNTINC  FACE  EXCEPT  THAT  HO  UNDERCUT  FOR  SEALS  SHALL  BE  PROVIDED  IN  THE  MANIFOLD.  BOTH  SURFACES 
SBAU.  BE  FLAT  WITHIN  LIGHT  BANDS. 

SEfiLING  SURFACES  ARE  DENOTED  BY  THE  SYMBOL  A  .  THESE  SEALING  SURFACES  SHALL  BE  PARALLEL  TO  THE  VALVE  HOUNTIHQ 
FACE  WITHIN  .002  FIR. 

THE  APPLICABLE  PART  NUMBER,  THE  WORDS  “4  WAY,  J  POSITION  SELECTOR  VALVE",  THE  RATED  FLOW,  AND  THE  MANUFACTURER'S 
NAME  m  TRADEMARK  SHALL  BE  PERMANENTLY  MARKED  ON  THE  VALVE  BO  THAT  THE  HARKIHO  IS  VISIBLE  WHEN  THE  VALVE  IS 
MOUNTED. 
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MTT.ITARY  SPECIFICATION 

VALVE:  AIRCRAFT  HYDRAULIC  SELECTOR  - 
SOLENOID  OPERATED  -  I'OUR  WAY,  THREE  POSITION 


1.  SCOPE 

1.1  Tliis  specification  covers  face  mounted  and  cartridge  typfs, 
modular  hydraulic,  U  way,  3  position,  solenoid -operated,  selector  valves, 
for  use  in  Type  III  aircraft  hydraulic  systems  conforming  to  Specification 
MIL -11-8091. 

1.2  Classification  -  Selector  valves  shall  he  of  the  following 
types  and  classes: 

Type  I  -  I'ace  mounted 
Type  II  -  Cartridge  mounted 
Class  1  -  0  to  U  nPM 
Class  2  -  0  to  12  CPM 
Class  3  -  0  to  2!;  CPM 

2 .  APPLICABI,E  DOCUliENTS 

2.1  Tlie  following  documents  of  the  issue  in  effect  on  date  of 
invitation  for  bids,  form  a  part  of  this  specification  to  the  extent 
sj^icified  herein. 

SPECIFICATIONS 

Federal 

PPP-T-60  Tape,  Pressure  Sensitive  Adhesive 

Military, 

MIL-B-lPl  Itarrier  Material,  Creaceproof,  Flexible, 

Waterproof 
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MIL-I-68G6 

MIL-I-686n 

MiL-n-6075 

M]:L-n-T742 
MIL-E -78914- 
MIL-H-8I1.46 
MIL-H-8891 

MIL-D-70327 

Standards 

HIL-STO-IO 

MIL-STD-129 

MIL-STD-143 

FED-TEST-STD 
No.  151 

ms-33540 

MS -20995 

Drawings 

MS- 


Inspi'ctlon,  Penetrant  Method  of 

Inspection,  Process,  Magnetic  Particle 

Heat  Treatment  of  Steels,  (Aircraft 
Practice)  For 

^ Screw  Threads,  Standard,  Aeronautical 

Electrical  Power,  Aircraft  Characteristics  of 

Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 

Hydraulic  Systems,  I’yP'-  HI:  Design,  Installation, 
Tests  and  Data  Deqnirements,  Ceneral  Specification 
for 

Dra'wings,  Engineering  and  Associated  Lists 

Surface  Roughness,  Waviness  and  Ijsy 
Marking  for  Shipment  and  Storage 
Specifications  and  Standards,  Use  of 
Metals;  Tost  iiethods 

Safety  Wiring  -  Oenernl  Practices  for 
Wire -Lock 


liG- 

2.2  Other  publications  -  VHiere  it  becomes  necessary  to  use 
publications  other  than  those  listed  in  2.1,  they  shall  be  selected  in 
order  of  piucadence  set  forth  in  MIL-BTD-143.  i'Jhere  contractor  material 
and  process  specifications  are  permitted  under  MIL-STD-143,  they  shall 
contain  x)rovisions  for  adeqiAate  tests  and  inspection. 
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3 .  REQUIREMENTS 

3.1  Qmlification  -  The  selector  valve  furnished  under  this 
specification  shall  be  a  product  which  has  been  tested  and  passed  the 
qualification  tests  specified  herein  and  has  been  listed  on,  or  approved 
for  listing  on,  the  applicable  qualified  products  list. 

3.2  Materials  and  processes  -  Materials  and  processes  used  in  the 
manufacture  of  these  valves  shall  conform  to  the  following  requirements 

and  to  the  applicable  specifications  as  defined  in  Section  2. 

< 

3.2.1  Metals  -  All  metals  shall  be  compatible  with  the  fluid  and 
intended  temperature,  functional,  service,  and  storage  conditions  to 
which  the  components  will  be  exposed.  The  metals  shall  be  of  a  corrosion- 
resisting  type  or  shall  be  adequately  protected  to  resist  corrosion, 
during  the  normal  service  life  of  the  valve,  which  may  result  from  such 
conditions  as  dissimilar  metal  combinations,  moisture,  salt  spray,  and 
high-temperature  deterioration,  as  applicable.  Copper,  aluminum,  and 
magnesium  alloys  shall  be  used  only  with  the  approval  of  the  procuring 
agency. 

Ferrous  alloys  shall  have  a  chromium  content  of  not  less  than  12 
percent  or  shall  be  suitably  protected  against  corrosion.  In  addition, 
cadmium  and  zinc  platings  shall  not  be  used  for  internal  parts  or  on 
internal  surfaces  in  contact  with  hydraulic  fluid  or  exposed  to  its  vapors. 

3.2.2  Sub-zero  stabilization  of  steel  -  Close-fitting,  sliding, 
steel  parts  shall  be  cold  stabilized  in  accordance  with  Sfecification 
MIL-H-6875  to  reduce  warpage  tendencies. 
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3.2.3  Plastic  parts  -  Plastic  parts  shall  he  used  only  with  the 
approval  of  the  procuring  activity  for  each  application. 

3.3  Parts  -  Standard  parts  selected  in  accordance  with  section  2 
shall  be  used  wherever  they  are  suitable  for  the  purpose,  and  shall  be 
identified  on  the  drawing  by  their  part  numbers.  Commercial  utility 
parts  such  as  screws,  bolts,  nuts,  cotter  pins,  etc.,  maybe  used, 
provided  they  possess  suitable  properties  and  are  replaceable  by  approved 
standard  parts  without  alteration  and  provided  the  approved  standard 

part  is  referenced  in  the  parts  list  and,  if  practicable,  on  the  manufacturer's 
drawings . 

3.4  Design  and  construction. 

3.4.1  Envelope  -  The  external  configuration,  dimensions,  and 
other  details  of  the  design  shall  conform  to  the  requirements  of  this 

t 

specification  and  MS  drawings  IC-  and  MS- 

3.4.2  Hydraulic  fluid  -  The  valves  shall  be  designed  for  operation 
with  hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range  -  The  valves  shall  be  designed  to  meet  the 

functional  and  operational  requirements  of  this  specification  throughout  a 
fluid  temperature  range  of  to  450°F  and  an  ambient  temperature  range 

of  -65“?  to  650'’F.  There  shall  be  no  evidence  of  external  lephage  or 
cliatter  when  tested  per  4.6.9. 

3.4.4  Threads  -  Only  class  three  threads  conforming  to  Specification 
M1L-S-7T42  shall  be  used. 

3.4.5  Seals  -  Seals  shall  be  of  metallic  construction  and  shall 
be  approved  by  the  procuring  agency. 
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■  3* ^^*6  Safetying  -  Threaded  parts  shall  be  positively  locked  or 
safetied  by  safety -wiring,  self -locking  nuts,  or  otheir  apixrcved  methods. 
Safety-wire  shall  be  applied,  in  accordance  with  standard  drawings  ^K-335^ 
and  MS -20995. 

3.4.7  Retainer  rings  -  Except  where  they  are  positively  retained 
from  being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall 
not  be  used  in  hydraulic  equipment  where  failure  of  the  ring  will  allow 
blow  apart  or  Jamming  of  the  valves. 

3.U.O  Structural  strength  -  Tlic  v-slvec  slinll  have  suificient  strength 

to  withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure, 

< 

temperature  variations,  and  3nr.ta.l3nl.'!o?', 

3.4.9  V/clght  -  Tne  weight  shall  bo  kept  to  a  minimum  oonsistenl  with 
good  design,  and  shall  be  specified  on  the  applicable  drawing. 

3.4.10  Mounting  position  -  The  valves  shall  satisfy  the  performance 
requirements  when  mounted  in  apy  position. 

3.4.11  Flow  control  -  The  valve  shall  be  designed  to  pass  rated  flow 
per  1.2  from  pressure  port  to  either  cylinder  port  and  from  the  other 
cylinder  port  to  return  when  energl  ’ed.  vn-ion  ds-enorg  i 'Cd,  flow  shall  be 
blocked  between  all  ports. 

3.4.12  Surface  roughness  -  Surface  roughness  finishes  shall  be 
established  and  shall  be  specified  on  the  manufacturer's  assembly 
dra. zings  as  outlined  in  MIL-STD-10. 

3.4.13  Solenoid  -  The  solenoid  shall  be  of  single  coil  construction, 
compact  design,  and  of  sufficiently  rugged  construction  to  withstand  the 
mechanlca.^  shocks  and  stresses  incident  to  their  use  in  aircraft.  Solenoids 
shfall  be  designed  for  continuous  duty  with  the  solenoid  totally  enclosed 
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and  shall  he  so  designed  that  the  hydraulic  fluid  can  at  no  time  come  in 
contact  with  the  electrical  windings.  The  solenoid  shall  operate  with 
direct  current  in  accordance  with  Specification  MIL-E-T89*+. 

3 . 5  Intercha  ngeability 

3.5.1  Manufacturer's  parts  -  All  parts  having  the  same  manufacturer's 
part  number  shall  be  directly  and  completely  interchangeable  with  each 
other  with  respect  to  installation  and  performance.  Changes  in  manufacturer's 
part  numbers  shall  be  governed  by  the  drawing  nmber  requirements  of 
Specification  MIL-D-T0327*  Subassemblies,  composed  of  selected  mating 
components,  must  be  interchangeable  as  assembled  xinits,  and  shall  be  so 
indicated  on  the  manufacturer's  drawings.  The  individual  components  of  such 
assembled  xmits  need  not  be  Interchangeable. 

3*5.2  Maintainability  -  Modular  valves  shall  be  self-contained 
components  such  that  a  valve  may  be  removed  from  one  housing  and  inserted 
into  another  housing  without  any  detail  disassembly,  readjustment  of 
setting,  or  impairment  of  function. 

3.6  Identification  -  Each  valve  shall  have  the  identifying  markings 
placed  so  that  the  Identification  can  be  read  when  the  valve  is  installed. 

Each  valve  shall  be  permanently  and  legibly  marked  with  the  following 
information  per  MIL-H-7911. 

Valve,  Selector,  4  Way,  3  Position 
MS- 

Manufactvurer' B  Part  Number 
Manufacturer's  Name  or  Trademark 
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3*7  Workmanship 

3. 7.1  Quality  -  Workmanship  shall  be  of  sufficiently  high  quality 
to  insuj.-’e  satisfactory  operation  and  service  life.  Tlie  manufacturer  shall 
exercise  extreme  care  in  fabricating,  assembling,  handling,  and  packaging 
valves  to  assure  that  the  con.pon-'/itij  mt’:  clean  .inil  fr’co  of  contamination. 

All  parts  shall  be  free  from  pits,  rpst,  scrapes,  splits,  cracks,  burrs, 
and  sharp  edges. 

3.7*2  Physical  defect  inspection  -  All  irngnetlzable  highly  stressed 
parts  shall  be  subjected  to  magnetic  inspection  per  Specification  MIL-I-6868. 
Cracks  or  other  Injvur-ious  defects  disclosed  by  the  inspection  shall  be 
cause  for  rejection.  All  non -magnetizable  highly  stressed  parts  shall  be 
subjected  to  fluorescent  penetrant  iTispection  per  Specification  MIL-I-6866, 
Cracks  or  other  injurious  defects  disclosed  by  the,  inspection  shall  be 
cause  for  rejection. 

3.8  Performance 

3*8.1  Rated  flow  and  operating  pressure  -  The  valves  shall  be 
designed  to  insure  satisfactory  operation  and  service  life  at  rated  flow 
per  1.2  and  at  an  operating  pressure  of  4,000  psi,  when  tested  per  4.6.2. 
The  valves  shall  be  capable  of  operation  at  6,000  psi, 

3.8.2  Proof  pressure  -  The  valves  shall  be  designed  to  withstand  a 
proof  pressure  of  6,000  psi,  when  tested  per  4,6.4.  There  shall  be 
no  external  leakage,  permanent  set  or  other  damage. 

3.8.3  Burst  pressure  -  The  valves  shall  be  capable  of  withstanding 
a  burst  pressure  of  10,000  psi,  when  tested  per  4.6.13.  There  shall  be 
no  evidence  of  rupture  of  internal  or  external  parts. 
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3.8.4  Valve  Operation 

3,8.4.!  Positions  -  When  the  two  solenoids  are  de-energized,  the 
flow  through  all  ports  shall  be  blocked.  Refer  to  Figure  1,  When 
solenoid  number  one  is  energized,  the  No.  1  Load  port  shall  be  open 
to  the  pressure  port  and  No. 2  load  port  shall  be  open  to  return. 
When  solenoid  number  two  is  energized,  the.  No. 2  load  port  shall  be 
open  to  pressure  and  the  Wo.  1  load  port  shall  be  open  to  retuirn, 
when  tested  per  4.6.2.  Refer  to  Figure  1. 


SOLENOID  WO.  1  DE-ENERGIZED 

ENERGIZED 


SOLENOID  WO.  2 
ENERGIZED 


FIGURE  1 
VALVE  POSITIONS 

3. 8, 4. 2  Pressures  -  The  valves  shall  operate  satisfactorily  with 
a  pressure  differential  betvreen  the  pressure  port  and  return  port  rto 
greater  than  250  psi  and  with  pressure  on  the  pressure  port  in  the  range 
from  return  pressiure  of  250  psi  to  6,000  psi,  when  tested  per  4.6.2. 
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3. 8.4. 3  Electrical  oharacterlstlca 

3. 8. 4. 3.1  The  valves  shall  be  designed  for  a  28  volt  direct  cw»nt 
system  and  shall  be  capable  of  satisfactory  operation  vhen  l8  volts  Is 
applied  at  4,000  psl  and  when  28  volts  Is  applied  at  6,000  psi  throu^- 
out  the  ambient  and  operating  ten^rature  ranges,  when  tested  per  4.6.9« 

3. 8. 4. 3. 2  With  28  volts  direct  current  applied  to  the  coll  tennlnals 
of  the  solenoids,  the  peak  current  drain  shall  not  exceed  1.0  anqpere, 
when  tested  per  4.6.?. 

3. 8.4. 3. 3  Ihe  time  lapse  of  the  solenoids  shall  not  exceed  0.13 

r 

second  between  the  Instant  of  energizing  and  the  pressure  switch  actuation, 
when  tested  per  4.6.8. 

3. 8. 4. 3. 4  There  shall  be  no  breakdown  of  the  dielectric  material 
of  the  solenoids  that  could  cause  damage  or  coil  failure,  when  600  volts 
rms  is  applied  x>er  4.6.6. 

3.8.5  Internal  leakage  -  The  Internal  leakage  of  the  valves  shall 
not  exceed  the  values  of  Table  I,  when  tested  per  4.6.3. 


TABLE  I 

MAXIMUM  ALDCWABLB  mmSKL  LTAKAGE 


10 

PORT 

PLUGGED 

SOLENOID 

ENERGIZED 

LEAKAGE 

MEASURED 

at 

LEAKAGE,  CC  PER  MINUTE 

m/Mm 

4,000 

- 

- 

load  1  &  2 

return 

ports 

8 

10 

12 

4,000 

load  1 

#1 

return 

ports 

8 

10 

4,000 

load  2 

#2 

return 

ports 

8 

10 

12 
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3.8.6  Pressure  drop  -  The  pressure  drop  through  the  valves  shall 
not  exceed  100  psi  when  tested  per  H.6.5.  This  pressure  drop  shall 
not  include  the  pressm’e  drop  through  the  mnlfold  or  housing. 

3. 8.7  Endurance  -  The  valves  shall  he  capable  of  satisfactory 
operation  for  a  total  of  PO^OOO  cycles  at  a  rate  of  IP  to  16  cpm,  when 
teatod  per  4.6.10. 

3.8.8  Vibration  *  Tl^e  valves  shall  be  capable  of  withstanding 
vibration  from  5  to  2,000  cps  at  an  amplitude  of  0.04  inches  (0.08  Inch 
total  excursion)  or  I5G,  whichever  is  limiting,  in  each  of  the  three 
mutually  perpendicular  planes,  when  tested  per  4.6.11. 

3.8.9  Salt  spray  test  -  The  valves  shall  function  satisfactorily 
after  exposure  to  100  hours  of  salt  spray,  when  tested  per  4.6,12. 

4,  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility  -  The  manufacturer  is  responsible  for 
the  performance  of  all  inspection  requirements  prior  to  submission  for 
Government  inspection  and  acceptance.  Except  as  otherwise  specified,  the 
manufacturer  may  utilize  his  own  facilities  or  any  commercial  laboratory 
acceptable  to  the  Government.  Inspection  records  of  the  examinations  and 
tests  shall  be  kept  complete  and  available  to  the  Government  as  specified 
in  the  contract  or  order. 

4.2  Classification  of  tests  -  The  inspection  and  testing  of  selector 
val  -’es  shall  he  classified  as  follows; 

(a)  Qualification  tests 
■  (b)  Acceptance  tests 


4.3  iualification  tests 
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I4-.3.1  Sampling  instructions 

U.3..I.I  Samples  of  selector  valves  for  qualification  tests  shall 
consist  of  one  opeclraon  of  each  class  valve  upon  which  qualification  is 
rle  sired. 

t.3.1.2  The  specimen  shall  be  assembled  of  parts  which  conform  to 
manufacturer ' s  drawings . 

l4-.3,1.3  The  manufacturer  shall  provide  calculations  showing  that 
adequate  clearance  of  moving  parts  is  provided  at  ~6^°F  and  14-50'’?,  using 
the  most  adverse  dimensions.  Tlie  room  temperature  reference  point  shall 
be  70 '‘F. 

4.3.2  Qiralification  tests  -  The  qualification  tests  shall  consist 
of  the  follovring  tests  which  shall  be  condticted  in  the  order  listed.  All 
tests  are  described  under  4.6  of  this  specification. 

A.  Examination  of  product  per  4.6.1. 

B.  Prool'  pi'essure  4.6.4. 

C.  Pressure  drop  per  4.6.5. 

D.  Dielectric  strength  per  4.6.6. 

E.  Solenoid  current  drain  per  4.6.7. 

F.  Timing  test  per  4.6.8. 

n.  Extreme  temperature  performance  per  4.6.9. 

H.  Indurance  per  4.6.10. 

I.  Vibration  per  4.6.11. 

J.  Salt  spray  per  4. 6. IP, 

K.  Burst  pressxjre  pt-jr  4.6.13. 
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UJi  Acceptance  tests  -  Acceptance  tests  shall  be  performed  on 
individual  valves  or  lots  which  have  been  submitted  under  contract  to 
determine  conformance  of  the  products  or  lots  with  requirements  set  • 
forth  ii\  this  specification  prior  to  acceptance.  Each  valve  shall  be 
subjected  to  the  following  tests: 

A.  Examination  of  product  per  ^^-.6.1. 

B.  Proof  pressure  per  4.6.4. 

C.  Actuation  per  4.6.2. 

D.  Leakage  per  4.6.3. 

4.5  Test  conditions 

4.5.1  Test  fluid  -  The  test  fluid  shall  conform  to  Specification 
MIL-H-8446. 

4.5.2  Fluid  temperature  -  If  the  fluid  temperature  is  not  otherwise 
specified  for  a  given  test,  it  shall  be  95tl5“F  for  that  particular  test. 
Tlie  outlet  fluid  temperature  shall  be  specified,  and  the  inlet  fluid 
temperature  may  be  reduced  to  compensate  for  heat  generation.  The  fluid 
temperature  shall  be  measured  as  near  as  practicable  to  the  valve  ports. 
During  all  soaking  periods,  the  component  shall  be  bled  of  air  and  inert 
gas  and  maintained  full  of  fluid. 

4.5.3  Contamination  -  Standard  fine  air  cleaner  test  dust  or  approved 
contaminent  mixture  shall  be  added  through  the  reservoir  of  the  test  set-up 
before  start  of  qmlification  tests.  Tlie  reservoir  shall  Incorporate  a 
mixer  or  shall  be  externally  excited  so  as  to  keep  the  contaminant 
continuously  agitated  or  mixed  within  the  fluid.  Test  dust  shall  be 
added  imtil  one  gram  of  dust  per  three  gallons  system  fluid  capacity  has 
been  introduced.  The  test  dust  shall  be  apportioned  as  follows: 


Selector  Valve 
Page  13  of  {?U 


Size  of  particle  Percent  by  veight  of  total 


0  to  5  micron 

39  ±  2 

5  to  10  micron 

18  ±  3 

10  to  20  micron 

16  ±  3 

20  to  4o  micron 

18  ±  3 

over  4o  micron 

9  ±  3 

4.5*4  Filtration  -  The  test  fluid  shall  be  continuously  filtered 
through  a  filter  which  has  a  niaxlraum  opening  that  does  not  exceed  25 
microns.  The  filter  and  element  used  shall  be  satisfactory  for  tie 
temperature  range  encountered,  and  cleaned  or  changed  regularly  to 
prevent  clogging. 

4.5*5  Test  housing 

4. 5*5*1  Qualification  test  housing  -  All  tests  in  4.3*2  shall  be 
conducted  in  a  thin  wall  test  housing  which  is  contoured  externally  to 
follow  the  cavity.  The  test  housing  shall  be  acceptable  to  the  pro¬ 
curing  agency. 

4. 5*5*2  Acceptance  test  housing  -  The  tests  in  4.4  may  be  conducted 
in  the  qualification  test  housing  or  in  a  housing  having  any  other  external 
configuration. 

4.6  Test  methods. 

4.6.1  Examination  of  product  -  Each  valve  shall  be  carefully 
examined  to  determine  conformance  with  the  requirements  of  this  specifi¬ 
cation  for  weight,  workmanship,  marking,  confonnance  of  dimensions  to 
applicable  drawings,  and  for  any  visible  defects.  The  determination  of 
surface  finish  shall  be  made  with  a  profiloineter,  comparator  brush 
analyzer,  or  equally  suitable  comparison  equipment  with  an  accuracy  of 
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±5  micro-inches  at  the  level  being  measured. 

4. 6. a  Actuation  -  The  valve  shall  be  cycled  15  times  with  an 
l8-volt  source  of  direct  current  while  1,500  psi  la  applied  to  the 
pressure  port.  A  cycle  shall  consist  of  energising  and  de-energi*ljg 
one  solenoid  and  then  energizing  and  de-energlzing  the  other  solenoid. 
Repeat  this  procedure  15  additional  times  with  4,000  psi  applied  to 
the  pressure  port.  Repeat  this  procedure  with  6,000  pal  applied  to 
the  pressure  port  and  using  a  28-volt  source  to  energize  the  solenoids. 
During  this  test,  general  functioning  of  the  valve  and  the  relation 
between  energized  and  de-energized  solenoids  with  respect  to  the  spool 
position  shall  be  in  accordance  with  paragra]^  3.8.4  of  this  specifica¬ 
tion. 

4.6.3  Leakage  -  The  valve  shall  be  tested  for  internal  leakage 
as  specified  in  Table  II.  The  pressure  shall  be  held  for  a  5 -minute 
period  with  leakage  being  measured  the  last  3  minutes.  The  fluid 
ten5)erature  shall  be  held  at  95*  t  15*P*  There  shall  be  no  evidence 
of  external  leakage. 


TABLE  II 
LEAKAGE  TESTS 


VALVE 

CLASS 

PRESSURE 

PSI 

SOLENOID 

ENERGIZED 

PORT 

PLUGGED 

LEAKAGE 

MEASURED 

AT 

H 

B 

4000 

load  ^  X  Si  2 

8 

mil 

4000 

load  #1 

return  ports 

8 

4000 

load  #2 

return  ports 

8 

2 

4000 

MO* 

load  #  1  &  2 

10 

2 

4000 

#1 

load  #1 

return  porta 

10 

2 

4000 

#2 

load  //2 

return  ports 

10 

3 

4000 

-- 

load  #  1  &  2 

12 

3 

4000 

#1 

load 

return  ports 

12 

3 

4000 

#2 

load  //a 

return  ports 

32 
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4.6.4  Proof  pressure  -  This  test  shall  he  performed  at  a 

temperature  of  450“  ±  15“P  for  qualification  besting  and  95“  1  15”F 
for  acceptance  testing.  With  lo^d  //l  plugged  and  solenoid  #1 

energized,  pressure  shall  be  applied  to  the  pressure  port  at  a  rate  not 
to  exceed  25,000  psl  per  minute  until  6,000  psi  is  reached.  The  6,000 
psi  proof  pressure  shall  be  held  for  at  least  2  minutes.  With  load 
port  #2  plugged  and  solenoid  #2  energized,  this  procedure  shall  be  re¬ 
peated.  With  both  solenoids  de-energized,  pressure  shall  be  applied  to 
1he  pressure  and  return  ports  at  a  rate  not  to  exceed  25,000  psi  per 
minute  lontil  6,000  psl  Is  reached.  The  6,000  psi  shall  be  held  for  at 
least  2  minutes.  A  hand  pump  may  be  used  for  this  test  if  desired. 

4.6.5  Pressure  drop  -  For  the  rated  flow  of  each  class  valve 
determine  the  pressure  drop  between  the  pressure  port  and  each  load 
port,  and  between  each  load  port  and  the  return  port.  A  back 
pressure  of  200  psi  minimum  shall  be  maintained  on  the  downstream  side 

of  the  ports  being  tested.  This  test  shall  be  run  at  a  fluid  temperature 
of  +90“  ±  15°F  and  the  pressure  drop  betvreen  the  two  ports  being  tested 
shall  not  exceed  75  psi  for  the  face -mounted  unit  (TYPE  I)  or  100  psi 
for  the  cavity-mounted  unit  (TYPE  II).  The  pressure  drop  does  not 
include  the  pressure  drop  through  the  test  manifold  or  hoxising,  but  does 
include  the  pressvire  drop  through  the  seals  and  spacers, 

4.6.6  Dielectric  strength  -  The  solenoids  shall  be  soaked  at  not 
Ibls  than  650“F  for  8  hours  or  longer.  Apply  600  volts  root  mean  square 
between  each  solenoid  and  ground  for  a  period  of  60  seconds  while  the 
temperature  is  held  at  650“F.  There  shall  be  no  failure  or  evidence  of 
damage  to  insulation. 
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4.6.7  Solenoid  current  drain  -  Apply  28  volts  direct  current  to 
each  solenoid.  The  current  drain  shall  not  exceed  1.0  ampere  for  each 
solenoid  at  95°  •-  15°F. 

4.6.8  Timing  test  -  An  oscillograph  shall  be  used  to  plot  electrical 

input  to  the  solenoid  and  pressure  at  the  port,  simultaneously. 

With  4,000  psi  applied  to  the  pressure  port  and  cylinder  //l  port  plugged, 
energize  solenoid  //l.  The  time  lapse  between  electrical  application  and 
pressure  rise  to  4,000  t  50  psi  at  load  port  shall  not  exceed 

.15  second.  Repeat  this  procedure  energizing  solenoid  #2.  The  time 
lapse  between  electrical  application  and  pressure  rise  to  4,000  t  50  psi 
at  load  //2  port  shall  not  exceed  .15  second.  The  temperature  shall 
be  95°  ±  15°F  for  this  test. 

4.6.9  Extreme  temperature  performance 

4. 6. 9.1  Low  temperature  operation  -  The  test  set-up  shall  be 
similar  to  Figure  2.  The  test  set-up  shall  be  soaked  at  a  temperature 
not  warmer  than  -65°?  for  8  hours  or  longer.  At  the  end  of  this  period, 
1,500  psi  shall  be  applied  to  the  pressure  port  and  solenoid  //l  energized 
by  an  l8-volt  source  of  electricity.  The  valve  shall  shift  and  allow 
flow  from  the  pressure  port  to  load  //i  port.  De-energize  solenoid  §1 
and  the  valve  shall  shift  back  to  its  neutral  position  with  no  flow 
between  the  ports.  Energize  solenoid  //2  by  an  l8-volt  source  of  electri¬ 
city;  the  valve  shall  shift  and  allow  flow  from  the  pressure  port  to 
cylinder  §2  port.  De-energize  the  solenoid  and  the  valve  shall  shift 
back  to  the  neutral  position  with  no  flow  between  ports.  The  fluid 
temperature  shall  then  be  raised  to  not  greater  than  -20°F  and  the 
pi’essure  increased  to  4,000  psi,  and  the  above  procedure  repeated.  Hie 
pi'iissure  drop  from  the  pressui'e  port  to  the  load  ports  sliall  be  checked 
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for  this  portion  of  hhe  Low  TXjmpernture  Operation  Test.  The  pressure  drop 
from  the  pronsure  port  to  the  load  porta  shall  not  exceed  75  psi  for 
the  face-mounted  unit  (TYPE  l)  or  100  pal,  for  the  cavity -mounted  unit 
(type  II)  at  rated  flow  for  the  class  valve  being  tested.  After  comple¬ 
tion  of  the  above  test,  and  the  temperature  held  not  warmer  than' -20®P, 
the  pressure  shall  be  increased  to  6,000  psi.  The  voltage  required  to 
fully  open  the  valve  shall  then  be  determined  and  this  value  shall  not 
exceed  28  volts.  Decrease  the  solenoid  voltage  and  determine  the  coll 
voltage  at  which  the  valve  will  fully  close. 

4.6.9 >3  Rapid  warm-up  -  The  test  set-up  for  the  Low  Temperature  Test 
may  he  used  for  this  test.  The  fluid  sh.all  be  warmed  up  rapidly  from 
-20°F  by  flowing  through  the  relief  valve  or  by  use  of  a  heater.  When  the 
fluid  temperature  reaches  +27®F,  solenoid  //l  shall  be  energized  with  a 
maximum  of  18  volts  for  5  seconds.  This  shall  permit  rated  flow  to  pass  through 
the  valve.  At  the  end  of  5  seconds  the  solenoid  shall  be  de-energized.  Solenoid 
II?.  shall  be  energized  In  a  like  manner  for  5  seconds  permitting  rated  flow  to 
pass  throu^  the  valve.  At  the  end  of  5  seconds,  solenoid  If?  shall  be  de-energized. 
Tlie  above  procedure  shall  be  repeated  at  approximately  47°F  increments  until 
the  fluid  reaches '450® F.  At  each  of  these  checks,  the  test  valve  shall  fully 
open  each  time  a  solenoid  is  energized  and  shall  fully  close  each  time  the 
solenoids  are  de-energized, 

4.6.9»3  High  temperature  operation  and  leakage  -  The  test  set-up  shall  be 
similar  to  Figure  2.  With  the  system  bled  of  air  and  pressurized  at  4,000  psi, 
temperature  in  the  temperature  control  box  shall  be  maintained  at  not  less  than 
450“P  for  6  hours  or  longer.  Tlie  valve  shall  be  de-energized  during  this  period. 

At  the  end  of  this  period  and  with 
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hfOOO  psi  appllecl  to  the  preosure  port,  solenoid  //l  shall  be  energized. 

Tlie  coll  voltage  required  to  fully  open  the  valve  shall  not  be  greater 
than  18  volts.  The  coil  voltage  shall  be  decreased  and  the  voltage  at 
which  the  valve  fu].ly  closes  shall  be  recorded.  The  same  procedure  shall 
be  repeated  except  this  time  solenoid  i!r>  shall  be  energized  and  de¬ 
energized.  This  shall  be  repeated  4  times  for  each  solenoid.  Wo  long 
waiting  period  between  operations  is  necessary.  linkage  test  shall  be 
performed  per  paragraph  t.6.3  while  the  valve  is  at  a  temperature  of 
450°F.  The  allowable  leakage  rate  shall  be  increased  by  a  factor  of 
2^-  over  those  given  in  paragraph  4.6.3.  There  shall  he  no  external  leakage 
during  this  test. 

4.6.10  Endurance  -  The  test  set-up  shall  be  similar  to  Figure  2. 

The  valve  shall  be  subjected  to  o  total  of  20,000  cycles  of  shifting 
the  spool  to  the  three  positions  by  energizing  and  de-energizing  the 
two  solenoids  at  rated  flow  vrhlle  a  pr'issur-'  of  4,000  psi  is  applied  to 
the  pressure  port.  The  endurance  test  shall  be  conducted  while  the 
valve  undergoes  a  time -temperature  spectrum  as  shown  in  Figure  3*  The 
20,000  cycles  shall  be  accomplished  by  going  through  the  spectriun  four 
times.  The  valve  shall  be  cycled  at  the  I’ate  of  12  to  l6  cycles  per  minute, 
i-'rior  to  going  througli  a  spectrum,  the  valve  and  fluid  shall  be  maintained  at 
a  temperatm’e  not  warmer  than  for  8  hours  or  longer.  After  completing 

the  four  spectrvmis,  the  valve  shall  be  tested  for  leakage  and  shall  meet  the 
requirements  as  specified  in  paragraph  4.6.3.  No  exterrmil  leakage  shall 
occur  during  this  test. 

4.6.11  Vibration  test 

a.  With  the  fluid  tempo ratiu-e  maintained  at  95“  +15“F,  the 
vuivo  Shull  be  cycled  at  a  rate  of  12  to  l6  cpm.  Cycling  shall  be 


Selector  Valve 
Page  19  of  2h 


tiGcOmpliPhecI  by  energizing  and  then  de-energizing  one  solenoid  and  then 
the  other.  Rated  fi.ow  shall  be  allowed  to  pass  throng  the  valve  when  it 
is  in  the  open  position.  While  the  valve  is  being  cycled,  it  shall  be 
vibrated  in  a  horizontal  direction  with  the  frequency  varying  between  5 
and  2,000  cps  for  30  minutes.  The  amplitude  shall  be  .0*+  inches 
(.08  inches  total  exctiraion)  or  15  0,  whichever  Is  limiting.  This  test 
shall  be  repeated  two  times  and  during  this  time  the  frequency  of  any 
and  all  resonant  points  (natural  frequencies)  shall  be  noted.  Vibrate 
the  valve  for  SO  minutes  at  the  most  severe  resonant  frequency  noted 
above  at  .08  inches  total  exciirsion  or  15  0,  whichever  is  less  severe. 

If  no  resonant  frequency  is  noted,  the  valve  shall  be  vibrated  at 
500  cps . 

b.  Repeat  (a)  changing  the  direction  of  vibration  90° 
horizontally. 

c.  Repeat  (a)  changing  the  direction  of  vibration  to 

vertical. 

d.  After  completion  of  (a),  (b)  and  (c),  the  valve  shall  be 
checked  per  paragraph  4.6.3  except  that  the  allowaole  leakage  shall  be 
increased  by  50  per  cent. 

e.  The  valve  shall  then  be  removed  from  the  test  block  and 
visually  inspected  for  mechanical  failirre, 

f.  The  valve  shall  be  placed  back  in  the  test  set-up  and  with 
a  250  psi  differential  pressure  between  the  pressure  port  and  the 
retxirn  port,  the  valve’  shall  be  cycled  electrically  and  shall  pass 
rated  flow  from  the  pressure  port  to  the  load  ports. 
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4.6.12  Salt  spray  test  -  The  valve  shall  be  subjected  to  a  lOO-how 
salt  spray  test  in  accordance  with  Federal  Test  Method  Standard  No.  151> 
Method  Bll.  At  the  conclusion  of  this  test  period,  the  solenoid  shall  be 
air  dried  for  6  hours,  then  subjected  to  a  dielectric  test  per  paragraph 
4.6.6.  With  4,000  psi  applied  to  the  pressure  port,  the  valve  shall  be 
cy  i  by  energizing  the  solenoids  vrith  no  more  than  18  volts  and  the 
valve  shall  open  and  pass  rated  flcn^. 

4.6.13  Burst  pressure  test  -  VJlth  5,000  psi  applied  to  the  return 
port,  pressure  shall  be  applied  to  the  pressure  port  and  the  two 
cylinder  ports  at  a  rate  not  to  exceed  25,000  psi  per  minute  until 
10,000  psi  is  reached.  This  pressure  shall  be  held  for  at  Laast  two 
minutes.  There  shall  be  no  rupture  of  external  or  internal  parts.  The 
fluid  temperature  shall  be  95“  i  15“F  for  this  test, 

5,  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  pacteglng  -  Each  component  shall  be  filled  with 
hydraulic  fluid  confoi^ming  to  MIL-H-8446.  All  internal  surfaces  of  com¬ 
ponents  shall  be  completely  coated  with  fluid  and  then  drained  to  the 
drip-point  prior  to  sealing.  The  component  shall  then  be  vrrapped  or 
bagged  in  grade  A  grease-proof  paper  conforming  to  Specification  MIL-B-121 
and  sealed  with  tape  confonuing  to  Specification  PPP-T-60.  Each  wapped 
component  shall  he  pac'xaged  in  accordance  with  the  manufacturer's 
comercial  practices, 

5.2  Marking  of  shipments  -  Interior  paclcages  and  exterior  shipping 
containers  shall  be  marked  in  accordance  with  Standard  MIL-STD-129,  and 
shall  inc  .ude  the  following: 
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Stock  No.  Qs  specified  in  the  purchase  document 

Name  of  part 

MS  part  no. 

Month  and  year  of  manufacture 

Class  or  size 
6.  NOTES 

6.1  Intended  use  -  The  selector  valves  covered  by  this  specification 
are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by 
Specification  MIL-H~8891  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-8446.  The  valve  is  further  intended  for  use  in  a 
manifolded  or  packaged  type  system. 

6.2  Ordering  data  -  Procurement  documents  should  specify  the 
following; 

(a)  Title,  number,  and  date  of  this  specification 

(b)  MS  part  n\ffliber 

(c)  Class 

(d)  Federal  stock  number 

(e)  Pressure  setting 

6.3  Qualification  -  With  respect  to  products  requiring  qualifications, 
awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set 
for  opening  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 
Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this 
requirement,  and  manufacturers  are  urged  to  arrange  to  have  the  products 
that  they  propose  to  offer  to  the  Federal  Government  tested  for  qualifica¬ 
tion  in  order  that  they  may  be  eligible  to  be  awarded  contracts  or  orders 
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forlhe  products  covered  by  this  specification.  The  activity  responsible 
for  fche  Qualified  Products  List  is  the  Bureau  of  Naval  Weapons,  Navy 
Department,  Washington  25,  D.C.,  however,  information  pertaining  to 
qualification  of  products  may  be  obtained  from  the  Commanding  Officer, 

U.S.  Naval  Air  Material  Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE:  When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  piurpose  other  than  in  connection  with  a 
definitely  related  Government  procurement  operation,  the 
United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished,  or  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  otherwise  as 
in  any  manner  licensing  the  holder  or  any  other  person  or 
corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may 
in  any  way  be  related  thereto. 


Custodians;  Preparing  activity; 

Navy  -  Bureau  of  Naval  Weapons  Navy  -  Bureau  of  Ifeval  Weapons 
Air  Force 
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APPENDIX  XII 

Suggested  MIL  Specification  for  Priority  Valve 
Suggested  MS  Standard  for  Priority  Valve 
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MILITARY  RPRCTFICATION 
VAIA/KK:  AIRCRAFT  HYDRAirr.J.C  PRIORITY 


1.  CCOFE 


1.1  'This  specification  covers  oartrirlgc  typr;,  morlijlnr  hyrlrsiill'’ . 

« 

priority  valves,  for  use  in  'Type  III  aircraft  hydraulic  syst^jms  conforming  to 
Gpocification  MIL-H-889I. 

1.2  Classification.-  Priority  valves  shall  be  of  the  following 
classes : 


Class  1  -  0  to  It  CPM 

Class  2  ,  -  0  to  12  CPM 
Class  3  -  0  to  25  CPM 


2,  APPLICABLE  DOCUMENTS 

2.1  TTie  following  'iocunv'ntr,  of  tha  !"su'‘  in  effect  on  'lai,'?  of 


invitation  for  bids, 
herein. 


GPECIFICATTONS 


Federal 

PPP-T-60 

Military 

MIL-B-121 

MIL-I-6866 

MIL-I-6868 

MIL-H-68T5 

MIL-S-77h2 

MIL-H-8446 

MIL-H-8891 

MIL-D-70327 


Standards 


MIL-STD-10 
MIL-STD~129 
MIL-STD-143 
FED-TEST-STD 
No.  151 


form  a  part  of  this  specification  to  the  extent  specified 


Tape.  Pressure  Sensitive  Adhesive 


Barrier  Material,  Greaseproof,  Flexible, 

Waterproof 

Insiiection,  Penetrant- Method,  of 
Inspection,  Process,  Magnetic  Particle 
Heat  Treatment  of  Steels,  (Aircraft  Practice)  F’or 
Screw  Threads,  Standard,  Aeronautical 
Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 
HydratrLic  Systems,  Type  III;'  Design,  Installation, 
Tests  and  Data  Requirements,  General  Specification  for 
Drawings,  Engineering  and  Associated  Lists 


Surface  Roughness,  VJaviness  and  Lay 
Marking  for  Shipment  and  Storage 
Specifications  and  Standards,  Use  of 
Metals;  Test  Methods 
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MS-335^0  Safety  Wlrlng-^neral  Practices  For 

MS -20995  Wire -Lock 

Dravings 

MS-  .  . 

MS- 

2.2  Other  publications  -  Where  it  becoir-es  necessary  to  use  publications 
other  than  those  listed  in  ?.l,  they  shall  be  selected  in  order  of  precedence 
set  forth,  in  MIL-STD-143.  Where  contractor  material  and  process  specifications 
are  permitted  under  MIL-STD-lU3»  they  shall  contain  provisions  for  adequate  tests 
and  Inspection. 

3.  REQUIREMENTS 

3.1  QxJaliflcation  -  The  piriority  valve  furnished  tinder  this  specification 

.*1. 

shall  be  a  product  which  has  been  tested  and  passed  the  qualification  tests  specified 
herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicable  qualified 
products  list. 

3.2  Materials  and  processes  -  Materials  and  processes  used  in  the  manufacture 
of  these  valves  shall  conform  to  the  following  requirements  and  to  the  applicable 
specifications  as  defined  in  Section  2. 

3.2.1  Metals  -  All  metals  shall  be  compatible  with  the  fluid  and  intended 
temperature,  functional,  service,  and  storage  conditions  to  which  the  components 
will  be  exposed.  The  metals  shall  be  of  a  corrosion-resisting  type  or  shall  be 
adequately  pirotected  to  resist  corrosion,  during  the  normal  service  life  of  the  •' 
valve,  which  may  result  fran  such  conditions  as  dissimilar  metal  combinations, 
moisture,  salt  spray,  and  high-temperature  deterioration,  as  applicable.  Copper, 
aluminum,  and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the  pro¬ 
curing  agency.  Ferrous  alloys  shall  have  a  chromium  content  of  not  less  than 
12  percent  or  shall  be  suitably  protected  against  corrosion.  In  addition,  cadmium 
and  zinc  platings  shall  not  be  used  for  internal  parts  or  on  internal  surfaces 


I 

I 

I 

I 

I 

I 

I 

I 
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in  contact  with  hydraulic  fluid  or  exposed  to  its  vat)ors. 

3.2.2  Sub-zero  stabilization  of  steel  -  Close-fitting,  sliding,  steel 
parts  shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6B75  to 
reduce  warpage  tendencies. 

3.2.3  Plastic  parts  -  Plastic  ports  shall  be  used  only  with  the  approval 
of  the  procuring  activity  for  each  application. 

3.3  Parts  -  Standard  parts  selected  in  accordance  with  section  2  shall  be 
used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  identified  on 
the  drawing  by  their  part  nmbers.  Commercial  utility  parts  such  as  screws, 
bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration  and 
provided  the  approved  standard  part  is  referenced  in  the  parts  list  and,  if 
practicable,  on  the  manufacturer's  drawings. 

3.4  Design  and  construction. 

3.4.1  Envelope  -  The  external  configuration,  dimensions,  and  other  details 
of  the  design  shall  conform  to  the  requirements  of  this  specification  and 

MS  drawings  MS-  and  MS- 

3.4.2  Hydraulic  fluid  -  The  valves  shall  be  designed  for  operation  with 
hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.3  Temperature  range  -  The  valves  shall  be  designed  to  meet  the 
functional  and  operational  requirements  of  this  specification  throughout  a  fluid 
temperatxire  range  of  -65'’F  to  450“?  and  an  ambient  temperature  range  of  -65'’F 
to  650“?.  There  shall  be  no  evidence  of  external  leakage,  when  tested  per 
4.6.4. 

3.4.4  Threads  -  Only  class  three  threads  conforming  to  Specification 
MIL-S-7742  shall  be  used. 


I 
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3.%. 5  Seals  -  Seals  shall  be  of  metallic  construction  and  shall  be 
approved  by  the  procuring  agency. 

3.^.6  Safetying  -  Threaded  parts  shall  be  positively  locked  or  safetied 
by  safety-wiring,  self -locking  nuts,  or  other  approved  methods.  Safety-wire 
shall  be  applied  in  accordance  with  standard  drawings  MS-335^0  and  MS-20995* 

3.U.7  Reti^lner  rings  -  Except  where  they  are  positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snap  rings  shall  not  be  used 
in  hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or 
Jamming  of  the  valves. 

3.'4.8  Structural  strength  -  The  valves  shall  have  sufficient  strength 
to  withstand  all  combinations  of  loads  resulting  from  hydraulic  pressure, 
temperature  variations,  and  installation. 

3*^.9  Weight  -  The  weight  shall  be  kept  to  a  minimum  consistent  with 
good  design,  and  shall  be  no  greater  than  specified  on  the  applicable  MS  drawing. 

3.U.IO  Mounting  position  -  The  valves  shall  satisfy  the  performance 
requirements  when  mounted  in  any  position. 

3.4.11  Flow  control  -  The  valves  dhall  be  designed  to  pass  rated  flow  per 

•  •  I 

1.2  from  inlet  port  to  outlet.  The  valves  shall  be  capable  of  passing  the 
rated  flow  in  the  reverse  direction  with  a  pressure  drop  not  exceeding  25  psi, 
when  tested  per  4.6.3 

3.4.12  Surface  roughness  -  Surface  roughness  finishes  shall  be  established 
and  shall  be  specified  on  the  manufacturer's  assembly  drawings  as  outlined  in 
MIL-STD-10. 


3.5  Interchangeability 
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3.5*1  Manufacturer's  parts  -  A.11  parts  having  the  same  manufacturer's 
part  number  shall  be  directly  and  completely  interchangeable  with  each  other 
with  respect  to  Installation  and  perforirance .  Charges  in  manufacturer’s 
part  numbers  shall  be  governed  by  the  drawing  number  requirements  of 
Specification  MIL-D-70327*  Subassemblies,  composed  of  selected  mating  components, 
must  be  interchangeable  as  assembled  units,  and  shall  be  so  indicated  on  the 
manufacturer's  drawings.  The  individual  components  of  such  assembled  uhits  need 
not  be  interchangeable. 

3«5*2  Maintainability  -  Modular  valves  shall  be  self-contained  components 
such  that  a  valve  may  be  removed  from  one  housing  and  inserted  into  another 
housing  without  any  detail  disassembly,  readjustment  of  setting,  or  Impairment  of 
function. 

3.6  Identification  -  Each  valve  shall  have  the  identifying  markings  placed 
on  the  hex-head  or  the  flange  so  that  the  identification  can  be  read  when  the 
valve  is  Installed  in  the  manifold  cavity.  Each  valve  shall  be  permanently  and 
legibly  marked  with  the  following  information  per  MIL-H-7911* 

Valve,  Priority 
MS- 

Manufacturer '  B  Part  Runiber 
Manufacturer's  Name  or  Trademark 

3 . 7  Workmanship 

3.7.1  Qxiality  -  Workmanship  shall  be  of  sufficiently  high  quality  to  insure 
satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise 
extreme  care  in  fabricating,  assembling,  handling,  and  packaging  valves  to  assure 
that  the  components  are  clean  and  free  of  contamination.  All  patts  shall  be  free 


> 
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from  pits,  rust,  scrapes,  splits,  cracks,  burrs,  and  sharp  edges. 

3.7.2  Physical  defect  Inspection  ~  All  magnetizable  highly  stressed  parts 
shall  be  subjected  to  magnetic  inspection  per  Specification  MTL-T-686^.  Crncks 
or  other  Injwlous  defects  disclosed  by  the  inspection  shall  be  cause  for 
rejection.  All  non-magneti zable  highly  stressed  parts  shall  be  subjeoten  to 
fluorescent  penetrant  inspection  T'er  Specification  MTL-T-6P66,  Cracks  or 
other  Injurious  defects  disclosed  by  the  insix-ction  shall  be  cause  for  . 

3.8  Performance 

3.8.1  Rated  pressure  -  The  vnalves  shall  be  designed  to  operate 

satisfactorily  in  a  hydraulic  system  having  a  rated  pressure  of  4,000  psl, 

when  tested  per  4.6.1.  The  vent  aort  snail  ba  .'Cfifpu.d  for  operating  pressure 
to  2000  psl. 

3.8.2  Operating  prenoures  -  The  valves  shall  he  d, .signed  to  ’nsure 

satisfactory  operation  and  ;«rvi''e  lii’'-  Uirougiuna  tbt  operating  Pi-nssurt 
range  from  0  to  4,000  ps ' ,  when  testo.l  lOi-  4.0. '  .  Tl,*-  /ai'/'e  shall  i>e  CHpani.- 

of  operation  at  b,o00  psl. 

3.8.3  Proof  pressure  -  Ibc  valve.'!  shall  he  dorigned  to  vithstana  i.iroof 

picuaurc  of  b,000  psi,  when  tested  p'r  4.o..'  and  there  snail  'ue  nc  ev  Mence 

of  external  leakage,  permanent  set,  ca-  other  aanuige. 

3.8.4  Burst  pressiare  -  Tne  valves  shall  be  designed  so  as  not  to 
burst  at  any  pressure  below  10,000  psl,  when  tested  per  4.6.8. 

3.8.5  Pressure  setting 

3.8.5,!  Range  -  The  valves  shall  be  capable  of  being  set  by  means  of 
a  power  driven  pump  to  give  rated  flovr  at  any  pressure  from  1100  psi  to 
3300  psl,  Inclusive,  when  tested  per  4.6.3. 
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3. 8. 5. 2  Inlet  pressure  -  For  any  return  port  pressure  from  zero  to  th<.: 
full  flow  pressure  less  50  psij  the  Inlet  pressure  shall  not  vary  more  than 
6  per  cent  to  maintain  rated  flow,  when  tested  per 

3. 8. 5. 3  Reseat  pressure  -  With  zero  back  pressure  and  upon  decreasing 
inlet  pressure ,_J;he  valves  shall  reseat  at  a  pressure  not  less  than  67  per  cent 
of  the  rated  flow  pressure  setting,  when  tested  per  4.6.3.  The  minimum  reseat 
pressures  shall  be  in  accordance  with  Figure  1. 


Figure  1 
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MINIMUM  RESEAT  PRESSURES 


Reseat  pressure  shall  he  defined  as  that  pressure,  during  decreasing  pressure, 
at  which  the  leakage  rate  does  not  exceed  12cc  per  minute  with • zero  back  • 
pressure,  when  tested  per  4.6.3, 

3. 8. 5. 4  Cracking  pressure  -  Cracking  pressures  shall  not  be  less  than 
reseat  pressures  with  the  hack  pressure  varying  frcsn  zero  to  cracking  pressure. 
Cracking  pressure  shall  he  defined  as  that  inlet  pressure,  during  increasing 
pressure,  at  which  the  valve  exceeds  the  maximum  reseat  leakage  of 12cc  per 
minute,  when  tested  per  4,6.3, 
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3.8.6  Internal  leal?age  -  Internal  leakage  ahall  not’  exceed  th.^  -values 
of  Thble  I,  when  tested  per  4.6.3. 


T/IBLE  T 

MAXIMUM  ALLOWABLE  INTERNAL  LEAKAGE 


AT 

RESEAT 

PRESSURE 

SETTING 

DURING  INCREASING  AND  DECREASING  PRESSURES 

AT  1/4  OF 
RESEAT 

pressure 

AT  1/2  OF 
RESEAT 

PREGSTJRE 

AT  3/4  OF 
REPEAT 

PRERSURli 

12  cc/min 
with  0  back 
pressure 

6  cc/mln 

6  cc/mln 

6  cc/min 

3.8.7  Reverse  flow  pressure  drop  -  The  valves  shall  be  capable  of  passing 
rated  flow  through  the  valve  in  the  reverse  direction  and  the  pressure  drop 
shall  not  exceed  25  psi  when  tested  per  4.6.3.  All  measurements  of  pressure 
drop  shall  be  for  the  module  only.  The  pressure  drop  for  the  test  housing 
shall  be  determined  separately  and  subtracted  from  the  values  obtained  during 
module  testing. 

3.8.8  Svtrge  pressure  -  The  valves  shall  be  capable  of  withstanding  a 
surge  pressure  of  2200  psi  at  a  rate  of  3'^  cycles  per  minute,  when  tested  per 
4.6.5.  The  valves  shall  show  no  '•/bk-ncr-  of  malfunctioning  or  damage. 

3.8.9  Vibration  -  The  valves  shall  be  capable  of  withstanding  vibrations 
from  5  to  2>000  cps  with  an  amplitude  of  0.04  inch  (O.08  inch  total  excursion) 
Or  I5G,  whichever  Is  limiting,  along  three  mutually  perpendicular  axes,  when 
tested  per  4j6,7,.  The  valves  shall  meet  the  leakage  requirements  of  Table  I 
increased  to  a  maximum  of  ttvo  tines  the  stated  values. 

3.8.10'  Endurance  -  When  the  valve  has  been  subjected  to  50,000  cycles  of 
operation  per  4.6.6,  internal  leakage  at  l/4,  1/2  and  3/4  of  the  cracking 
pressure  setting  shall  not  exceed  6  cc/per  minute. 
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t.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility  -  The  nanufacturer  is  responsible  for  the 

f 

perf<5rmance  of  all  Inspection  reoLulremehts  prior  to  submission  for  Governtnent 
Inspection  and  acceptance.  Except  as  otherwise  specified,  the  manufacturer  may 
utilize  his  own  facilities  or  any  conmercial  laboratory  acceptable  to-  the  Govern¬ 
tnent.  Inspection  records  of  the  examinations  and  tests  shall  be  kept  complete 
\ 

and  available  to  the  Government  as  specified  in  the  contract  or  order, 
j  4.2  Classification  of  tests  -  Ihe  inspection  and  testing  of  priority 
valves  shall  be  classified  as  follows: 

7 

(a)  Qualification  tests 
'fb)  Acceptance  tests 
4.3  Qualification  test^ 

4.3.1  Sampling  Instructions 

4. 3. 1.1  Samples  of  pri«i^ity  valves ^for  qualificjatlon  tests  shall 
consist  of  one  specimen  of  each  class  valve  upon  which  qualification  is  desired. 

4. 3. 1.2  The,specimeR  shall  be  assembled  of  parts  which  conform  to  manu¬ 
facturer's  drawings. 

4. 3. 1.3  The  manufacturer  shall  provide  calculations  showing  that  adequate 

I  ■ 

clearance  of  moving  parts  Is  provided  at  -63'’F  and  450“?,  using  the  most  adverse 
dimensions.  The  room  temperature  relbrence  point  shall  be  TO^F. 

4.3.2  Qualification  tests  -  The  qualification  tests  shall  consist  of  the 

"I' 

following  tests  which  shall  be  conducted  in  the  order  listed.  All  tests  are 
described  under  4.6  of  this  specification. 


/ 
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A.  Proof  pressure  per  4.6.2 

B.  Normal  temperature  performance  per  4.6.3 

C.  Extreme  temperature  performance  per  4.6.4 

D.  Surge  pressure  per  4.6.5 

E.  Endurance  per  4.6.6 

F.  Vibration  per  4.6.7 

G.  Burst  pressure  per  4.6.8 

4.4  Acceptance  test^  -  Acceptance  tests  shall  be  performed  on  individual 
valV^S'  or  lots  which  have  been  submitted  under  contract  to  determine  conforraarre 
of  the' products  or  lots  with  requirenants  set  forth  in  this  specification  pr  ior  to 
acceptance.  Each  valve  shall  be  subjected  to  the  following  tests; 

A.  Examination  of  product  per  4.6.1 

t 

B.  Proof  presswe  per  4.6.2 

C.  Pressure  setting  par  4. 6. 3. 2 

D.  Decreasing  pressure  leakage  per  4.6.3 

E.  Increasing  pressure  leakage  per' 4.6.3 

F.  Reverse  flow  pressure  drop  per  4.6.3 

4.5  Test  conditions 

4,5,1  Test  fluid  -  The  test  fluid  shall  conform  to  Specification  MIL-H-8446. 

4, 5 ,.2  Fluid  temperature  -  If  the  fluid  temperature  is  not  otherwise  specified 
for  a  given  test,  it  shall  be  95±15'’F  for  tliat  particular  test.  The  outlet  fluid 
temperature  shall  be  specified,  and  the  inlet  fluid  temperature  may  be  reduced  to 
compensate  for  heat  generation.  The  fluid  temperature  shall  be  measured  as  near  as 
practicable  to  the  valve  ports.  During  all  soaking  periods,  the  component  shall  be 
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bled  of  air  and  inert  gas  and  maintained  full  of  fluid. 

Contamination  -  Standard  fine  air  cleaner  test  dust  or  approved 
contaminant  mixture  shall  be  added  through'  the  reservoir  of  the  test  set-up 
before  start  of  qualification  tests.  The  reservoir  shall  incorporate  a  mixer 
or  shall  be  eocternally  excited  so  as  to  keep  the  contaminant  continuously  agitated 
or  mixed  within  the  fluid.  Test  dust  shall  be  added  until  one  gram  of  dust  por 
three  gallons  system  fluid  capacity  has  been  introduced.  The  test  dust  shall  be 
apportioned  as  Tollows: 

Size  of  partlc|.e  Percent  by  weight  of  total 

0  to  5  micron  39  t  2 

5  to  10  micron  ,  l8  ±  3 

10  to  20  micron  I6  t  3 

20  to  4o  micron  I8  t  3 

I  ■ 

over  1+0  micron  9*3 

4.5.1't  Filtration  -  The  test  fluid  shall  be  continuously  filtered  through  a 
filter  which  has  a  maximum  opening  that  does  not  exceed  25  microns.  The  filter 
and  element  used  shall  be  satisfactory  for  the  temperature  range  encountered,  and 
cleaned  or  changed  regularly  to  prevent  clogging. 

4.5.5  Test  housing 

4.5.5‘1  Qualification  test  housing  -  All  tests  in  4.3.2  shall  be  conducted 
In  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  thS'  cavity. 

The  test  housing  shall  be  acceptable  to  the  procuring  agency. 

4. 5. 5. 2  Acceptance  test  housing  -  The  tests  in  4.4  may  be  conducted  in, the 
qualification  test  housing  or  in  a  housing  having  any  other  external  configuration 
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4.6  Test  methods. 

4.6.1  Examination  of  product  -  Each  valve  shall  be  carefully  examined  to 
determine  conformance  with  the  requirements  of  this  specification  for  weight, 
workmanship,  marking,  conformance  of  dimensions  to  applicable  drawings,  and 
for  any  visible  defects.  The  determination  of  surface  finish  shall  be  made 
with  a  profllometer,  comparator  brush  analyzer,  or  equally  suitable  comparison 
equipment  with  an  accuracy  of  ±  5  micro-inches  at  the  level  being  measured. 

4.6.2  Proof  pressure  test  -  With  the  outlet  port  plugged,  pressure  shall 
be  applied  to  the  pressxire  port  at  a  rate  not  exceeding  25,000  psi  per  minute 
until  6,000  psi  is  reached.  The  proof  pressure  shall  be  held  for  at  least  two 
minutes,  and  there  shall  be  no  evidence  of  external  leakage, •  permanent  set  or 
other  damage.  For  this  test  the  component  and  the  fluid  shall  be  stabilized 

at  a  temperature  of  95°F  ±  15‘’F  for  acceptance  and  450“F  ±15'’F  for  qualification. 

4.6.3  Normal  temperature  performance 

4. 6. 3.1  Minimtan  setting  -  A  typical  set-up  for  this  test  is  shown  in 
Figure  5*  The  power  driven  pump  shall- be  used.  Leakage  is  to  be  observed  at 
the  outlet  port  dviring  the  third  minute  of  a  3-minute  waiting  period.  The 
valve  shall  be  set  and  tested  as  follows: 

4. 6. 3. 1.1  Rated  flow  pressure  -  Adjust  the  valve  to  produce  rated  flow 
at  the  minimum  pressure  setting  of  1100  psi  with  the  back  pressure  held  at 
rated  flow  presstjre  less  50  psi.  Then,  maintaining  the  flow  constant,  vary 
the  back  pressure  from  as  near  zero  as  possible  to  50  psi  less  than  the 
noted  inlet  pressure .  The  inlet  pressure  shall  not  vary  by  more  than  6 
percent  of  its  noted  value. 
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4. 6. 3. 1.2  Reseat  pressure  -  Decrease  inlet  pressure  gradmlly  from 
rated  flow  pressure  until  leakage  not  greater  than  12  cc/min.  ca,n  be 

determined,  during  the  third  minute  of  a  3-niio-  period.  This  pressure  shall 

♦ 

be  considered  the  reseat  pressure  and  its  value  ishall  not  be  less  than  that 
specified  by  Figure  1.  The  measurement  of  reseat  pressure  shall  be  made 
with  zero  back  pressure. 

4. 6. 3. 1.3  Decreasing  pressure  leakage  -  Presstire  shall  be  gradually 
decreased  from  reseat  pressure  determined  in  paragraph  4. 6. 3. 1.2  and' leak¬ 
age  shall  be  observed  at  pressin:*es’  of  3/4,  l/2.and  l/4  of  the  feseat 
pressxn’e  setting  of  the  valve.  Leakage  shall  no;b  exceed  6  cc/mipute.  When 
specified  this  test  shall  be  used  for  acceptance. 

4. 6. 3. 1.4  Increasing  pressure  leakage  -  The  pressure  shall  then  be 
gradually  increased  from  1/4,  to  I/2,  and  3/4  of  the  reseat  pressure 
setting  and  the  leakage  shall  be  rechecked  and  shall  not  exceed  6  cc/min. 
Continue  to  increase  pressure  to  that  determined  as  reseat  pressure  by  the 
test  of  para.  4.6.3 .1.2.  Leakage  at  ttot  pressure  shall  not  exceed  12 
cc/min.  When  specified  this  test  shall  be  used  for  acceptance. 

4. 6. 3. 1.5  Cracking  pressure  and  back  pressure  -  Raise  the  inlet 
pressure  gradually  to  cracking  pressure.  Cracking  pressure  is  defined  as 
that  inlet  pressure  at  which  the  valve  exceeds  the  maximum  reseat  leakage 
of  12  cc/minute  upon  increasing  pressure.  The  outlet  port  shall  be  open. 

The  cracking  pressure  shall  in  no  case  be  less  than  the  reseat  pressure. 

4. 6. 3. 1.6  Reverse  flow  pressure  drop  -  Rated  flow  shall  be  passed’ 
through  the  valve  in  the  reverse  direction.  The  pressure  drop  shall  not 
exceed  25  psi.  Tlie  temperature  shall  be  95“F  ±  15°F  for  acceptance. 
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4. 6. 3. 2  Maximum  setting  -  The  tests  outlined  xmder  the  paragraphs  en- 

I 

titled  "Minimum  Setting"  shall  be  repeated  with  the  valve  adjusted  to  produce 
the  maximum  rated  flow  pressure  of  3300  psi.  (Pressure  setting  for  acceptance 
testing  shall  be  as  specified  In  the  procurement  document.) 

4.6.4  Extreme  temperature  performance  - 

4. 6. 4.1  Low  temperattire  performance  -  A  typical  set-up  for  this  test  is 
shown  in  Figure  2.  The  test  set-up  shall  be  stabilized  at  a  temperature  not 
wanner  than  -65°F  for  a  minimum  period  of  8  hours.  With  the  test  valve  ad¬ 
justed  for  maximum  rated  flow  pressure  (3300  psi)  fluid  shall  be  ptimped  through 
the  valve  by  nieans  of  a  hand  pump.  Inlet  pressure  shall  gradually  be  decreased 
until  reseat  pressure  (as  defined  in  4. 6. 3. 1-2)  is  determined.  Reseat  pressure 
shall  not  be  less  tbnn  2200  psi.  The  pressure  at  which  rated  flow  occurs  shall 
be  determined  and  recorded. .  Repeat  this  test  at  -20‘’F. 

4. 6. 4. 2  High  temperature  performance  -  Using  the  test  set-up  shown  in 
Figure  5»  the  test  valve  shall  be  adjusted  to  produce  the  maximum  rated  flow 
pressvire  (3300  psi).  Ihe  valve  and  hydraulic  fluid  shall  be  stabilized  at 
450®F  for  a  minimum  period  of  4  hours.  The  power  driven  pump  tests  outlined 
in  the  paragraph  entitled  "Maximum  Setting"  shall  be  repeated.  Internal 
leakage  shall  not  he  greater  than  6.0  cc/minute  at  or  below  3/4  of  the  re-  , 
seat  pressure  nor  greater  than  12.0  cc/minute  at  the  minimum  .reseat  pressure. 
Reseat  pressure  shall  not  be  less  than  2200  psi  as  shown  in  Figure  1.  The 
cracking  pressure  setting  shall  not  he  greater  than  that  observed  at  room 
temperature. 
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4.6.5  Surge  pressure  test 

Using  a  test  set-up  similar  to  that  of  Figure  6  an  impulse 
pressure  of  2200  psi  shall  be  applied  to  the  pressure  port  of  the  test 
valve  followed  by  a  reduction  of  pressure  to  not  more  than  100  psi.  The 
srirge  pressure  shall  be  applied  at  a  rate  not  slower  than  35  cycles  per 
minute  for  a  total  period  of  one  minute.  The  rate  of  pressure  rise  shall 
be  50,000  ±  5,000  psi/second.  Leakage  shall  be  measured  at  the  outlet 
port  of  the  test  valve  and  shall  not  exceed  6.0  cubic  centimeters' over  the 
total  number  of  pressure  impulse  cycles.  The  surge  pressure  shall  be 
directed  to  the  test  valve  by  cycling  a  3  way,  2  position^ selector  Valve 
as  shown  in  Figure  6.  This  test  shall,  be  conducted  at  95  ±  15°P. 

4. ^..6  -  ''  -.vr  il  -up  for  life' cycling  is  shown  in 

r Igure  3.  The  endurance  Test  shall  consist  of  adjusting  the  valve  to  the 
maximum  rated  flow  pressure  setting  (3300  psi)  at  nonnal  temperattire  and 
cycling  at  the  rate  of  17-19  cpm  for  50,000  cycles.  Each  cycle  shall  con¬ 
sist  of  imposing  rated  flow  through  the  valve,'  and  reducing  pressure  to  sub- 
stantially  zero.  These  cycles  shall  be  accomplished  while  the  valve  under¬ 
goes  a  time -temperature  spectrum  as  shown  in  Figure  4.  Tills  spectrum  shall 
be  repeated  seven  times  during  endurance  testing  with  an  overni^t  low  temp¬ 
erature  soak  between  each  run.  The  first,  fourth,  and  seventh  repetition 
of  this  spectrum  shall  begin  at  -65®F  while  the  second,  third,  fifth  and 
sixth  repetitions  shall  begin  at  room  temperature.  After  completion  of  this 
test,  internal  leakage  at  l/4,  l/2  and  3/4  of  the  cracking  pressure  setting, 
shA^ll  not  exceed  6cc/per  minute.  Determine  the  pressure  at  which  the  valve 
reseats.  This  value  shall  not  be  less  than  pgoo  psi. 
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4.6.7  Vibration  test 

a.  lYlor  to  this  test  the  valve  shall  he  ad., Rusted  to  each  extreme 
P' >n  1  tl  on  or  pressure  setting  n  mlnlnmm  of  V)  times.  With  the  fluid  temT.v»rattJi  c 
in.')  irrta  Ined  at  95  t  15"P  the  priority  valve  slia1.1.  be  set  for  rato'l  flonv'  nt 
;’'pO0  psl.  The  valve  shall  be  cycled  at  the  rate  of  IS  to  cpm  by  .imposing 
rated  flow  through  the  valve  and.  then  reducing  pressure  to  substantially  zero. 
Vdiile  the  valve  is  being  cycled  In  this  manner  it  shall  be  vibrated  in  a 
horizontal  direction  with  the  frequency  varying  between  5  and  2000  cps  In 
10  minutes.  The  amplitude  shall  be  0.04  inch  (0.08  Inch  total  excursion)  or 
ISO,  whichever  is  limiting.  This  test  shall  be  repeated  two  times  and  '.luring 
this  time  the  frequency  of  any  and  all  resonant  points  (natural  periods)  shall 
h'-'  noted.  The  valve  shall  be  vibrated  for  00  min.  at  the  most  critical 
resonant  frequency  noted  above  at  0.08  inch  total  excursion  or  150,.  whichever  Is 
least  severe.  If  there  are  no  resonant  frequencies,  the  valve  shall  be 
vibrated  at  500  cps.  Upon  completion  of  the  90  minute  test,  the  rated  flow 
pressure  setting  shall  be  checked  at  a  frequency  lOio  above  or  below  the 
natural  freiluency  and  shall  not  have  changed  more  than  one  percent  from  the 
original  setting. 

b.  Repeat  (a)  changing  the  direction  of  vibration  90” 
hor  3  zonto lly . 

c.  Repeat  (a)  changing  the  direction  of  vibration  to  vertical. 
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d.  After  completion  of  (a),  (b)  and  (c)  internal  leakage  at 
the  reseat  pressure  and  at  l/4,  1/2  and  3 A  of  the  reseat  pressure 
setting,  shall  be  a  maximum  of  two  ti^s  the  values  permitted  In  the 
paragraph  entitled  "Maximum  Setting."  Adjust  the  valve  to  produce  rated 
flow  at  3300  psi  with  3250  psi  back,  pressure Then  maintaining  the  flew 

V 

constant,  vary  the  back  pressure  from  as  near  zero  as  possible  to  3250 
psi.  The  inlet  pressure  shall  not  vary  by  more  than  3  percent  of  its 
noted  value. 

h.6.8  Burst  pressure  test  -  With  the  outlet  port  plugged,  pressure 
shall  be  applied  to  the  pressure  port  imtil  10,000  psi  is  reached.  This 
pressure  shall  be  held  for  2  minutes.  There  shall  be  no  rupture  of  external 

t 

or  internal  parts.  The  fluid  temperature  shall  be  h50  +■  15"F  for  this 
teat.  This  test  shall  be  repeated  with  the  pressure  port  plugged  and 

o  ,*  ' 

pressure  applied  to  the  free  flow  port. 

•5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  packaging  -  Each  component  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H~81i-46.  All  internal  surfaces  of  components 
shall  be  completely  coated  with  fluid  and  then  drained  to  the  drip-point 
prior  to  sealing.  The  component  shall  then  be  wrapped  or  bagged  in  grade  A 
grease-proof  paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape 
conforming  to  Specification  PPP-T-60.  Each  wrapped  component  shall  be 

packaged  in  accordance  with  the  manufacturer's  commercial  practices. 

i  • 

5.2  Marking  of  shipments  -  Interior  packages  and  exterior  shipping 
containers  shall  be  marked  in  accordance  with  Standard  MIL-STD-129, 

and  shall  incltide  the  following: 
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Stock  No.  as  specified  in  the  purchase  document 

Name  of  Part 

MS  part  no. 

Month  and  year  of  manufacture 

Class  or  size 
6.  NOTES 

6.1  Intended  use  -  The  priority  valves  covered  by  this  specification 
are  intended  for  use  in  aircraft  and  missile  hydraulic  systems  covered  by 
Specification  MIL-H-889I  and  operating  with  hydraulic  fluid  conforming  to 
Specification  MIL-H-8446.  The  valve  is  further  intended  for  use  in  a 
manifolded  or  packaged  type  system. 

6.2  Ordering  data  -  Procurement  documents  should  specify  the  following; 

(a)  Title,  number,  and  date  of  this  specification 

(b)  MS  part  nvimber 

(c)  Class 

(d)  Federal  stock  number 

(e)  Pressure  setting 

6.3  Qualification  -  With  respect  to  products  requiring  qualification, 
awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for 
opening  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 
Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this  require¬ 
ment,  and  manufacturers  are  xrrged  to  arrange  to  have  the  products  that  they 
propose  to  offer  to  the  Federal  Government  tested  for  qualification  in  order 
that  they  may  be  eligible  to  be  awarded  contracts  or  orders  for  the  products 
covered  by  this  specification.  The  activity  responsible  for  the  Qualified 
Products  List  is  the  Bureau  of  Naval  Weapons,  Navy  Department,  Washington 

25,  D.C.;  however,  information  pertaining  to  qualification  of  products  may 
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be  obtained  from  the  Cotratnnding  Officer,  U.S.  Naval  Air  Material  Center,  ,  . 
Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE:  vrnen  Government  drawings,  specifications,  or  other  data  are  used 

for  any  purpose  other  than  in  connection  with  a  definitely  related 
Government  procurement  operation,  the  United  States  Government 
thereby  incurs  no  responsibility  nor  any  obligation  whatsoever; 
and  the  fact  that  the  Government  may  have  formulated,  furnished, 
or  any  way  supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any 
manner  licensing  the  holder  or  any  other  person  or  corporation, 
or  conveying  any  ri^ts  or  permission  to  manufacture,  use,  or 
sell  any  patented  Invention  that  may  in  any  way  be  related  thereto. 

Custodians;  Preparing  activity: 

Navy  -  Bureau  of  Naval  Weapons  Navy  r  Bureau  of  Naval  Weapons 
Air  Force 
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FIGURE  2 

Typical  Schematic  for  Low  Temperature.  Performance  Teat 
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FIGURE  3 

Typical  Priority  Valve  Endurance  Test  Installation 
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FIGURE  4 

Time  -  Temperature  Spectrum  for  Endurance  Test 


Time  -  Hours 


NOTES;  1.  Rate  of  temperature  rise  or  decay  may  vary  wlthlu  the 
shaded  areas  shown.  . 

2.  Approximately  six  and  one  half  hours  of  endurance 
cycling  are  to  be  run  In  one  day, 

3.  The  ambient  temperature  shall  be  maintained,  between 
450°P  and  650‘’P  during  the  time  from  the  2nd  hour 
through  5  \/2  hours  of  the  spectrum  shown. 


Cyl.  Port 


1 


1 

! 

I 

I 

I 

I 

I 

APPENDIX  XIII 

B  Suggested  MIL  Specification  for  Filter  Assembly 

Suggested  MS  Standard  for  Filter  Assembly 
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OEALDIO  SURFACES  ABE  DENOTED  BY  THE  SYMBOL  A. 
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BE  PERHAHEHTLY  MARKED  ON  THE  FILTER  ASSEMBLY  IN  A  LOCATION  SUCH  THA.T  THE  IDENTIFICATION  IS  VISIBLE  WHEN  THE 
FILTER  IS  INSTALLED. 
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MILITARY  SPECIFICATION 

FILTER  AND  FILTER  ELEMENTS;  AIRCRAFT  HYDRAULIC 


1.  SCOPE 

1.1  Scope.-  .This  specification  covers  cartridge -type  modular  hydraulic 
filter  and  filter  elements,  for  use  in  Type  III  aircraft  hydraulic  systems 
conforming  to  Specification  MIL-H-889I. 

1.2  Classification.-  Filter  assemblies  shall  be  of  the  following 
classes : 

Class  1  -  0  to  U  gallons  per  minute  flow  rate 
Class  2  -  0  to  12  gallons  per  minute  flow  rate 
Class  3  “  0  to  25  gallons  per  minute  flow  rate 

2.  APPLICABLE  DOCUMENTS 


2.1  The  following  documents  of  the  issue  in  effect  on  date’  of  Invi’tation  for 
bids,  form  a  part  of  this  specification  to  the  extent  specified: 

Specifications 

Federal 


PPP-T-60 

Miii-tary 

MIL-B-121 

MIL-I-6866 

MIL-I-6868 

MIL-H-6875 

MIL-S-77U2 

MIL-M-7911 

MIL-H-81^46 


Tape,  Pressure  Sensiti’ve  Adhesi’ve,  Wa-terproof 

Barrier  Material,  Greaseproof,  Flexible,  Wa-terproofed 
Inspection,  Penetrant  Method  of 
Inspection  Process,  Magnetic-Particle 

Heat  Treatment  of  Steels  (Aircraf’b  Practice)  Process  fo 

% 

Screw  Threads,  S’tmdard,  Aeronautical 

Marking,  Identification  of  Aeronautical  Equipment, 
Assemblies  and  Parts 

Hydraulic  Fluid,  Nonpetroleum  Base,  Aircraft 
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Hydraulic  Systems,  Type  III  Design,  Installation, 

Tests  and  Data  Requirements,  General  Specification 
For 

Drawings,  Engineering  and  Assoclaied  Liots 


Surface  Roughness,  Waviness  and  Lay 
Marking  for  Shipment  and  Storage 
Specification  and  Stonf’nrds,  Use  of 
Safety  Wiring  -  General  Practices  f or  ' 
Wire -Lock 


Filter  Assemblies,  Modular,  Envelope  for 

2.2  Other  publications.-  Where.lt  becomes  necessary  to  use  publications 
other  than  those  listed  in  2,1,  they  shall  be  selected  in  the  order  of 
precedence  set  forth  in  MIL-STD-lJ»3*  Where  contractor  imterial  and  inrocess 
specifications  are  permitted  under  MIL-STD-IU3,  they  shall  contain  provisions 
for  adequate  tests  and  insirection. 

3.  REQUIREMENTS 

3.1  Qualification.-  The  filter  assemblies  furnished .under  this 
specification  shall  be  a  product  which  has  been  tested  and  passed  the 
qualification  tests  specified  herein  and  has  been  listed  on,  or  approved  for 
listing  on,  the  applicable  qualified  products  list. 

3.2  Materials  and  processes.-  Materials  and  processes  used  in  the 
manufacture  of  these  filter  assemblies  shall  conform  to  the  following  requirements 
and  to  applicable  specifications  as  defined  in  Section  2: 


MIL-H-8891 

MIL-D-TO327 

Standards 
MIL -STD-10 
MIL-STD-I29 
MIL-STD-143 
ms-33540 
MS -20995 
Drawing 
MS  - 
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3.2.1  Metals.-  All  metals  shall  be  compatible- with  the  fluid  and  intended 
temperature,  functional,  service,  and  storage  conditions  to  which  the  components  will 
be  exposed.  The  metals  shall  be  of  a  corrosion -resisting  type  or  shall  be 
adequately  protected  to  resist  corrosion  during  normal  s^,rvice  life  of  the  filter 
assemblies  which  may  result  from  such  conditions  as  dissimilar  metal  combinations, 
moisture,  salt  spray  and  nigh  temperature  deterioration,  as  applicable.  Copper, 
aluminum,  and  magnesium  alloys  shall  be  used  only  with  the  approval  of  the 
procuring  activity.  Ferrous  alloys  shall  have  a  chromium  content  of  not  less 

than  12  percent  or  shall  be  suitably  protected  against  corrosion.  In  addition, 
cadmium  and  zinc  platings  shall  not  be  used  for  Internal  parts  or  on  internal 
surfaces  in  contact  with  hydraulic  fluid  or  expose  to  its  vapors. 

3.2.2  Sub-zero  stabilization  of  steel.-  Close-fitting,  sliding  steel 
parts  shall  be  cold  stabilized  in  accordance  with  Specification  MIL-H-6875 
to  reduce  warpage  tendencies. 

3.2.3  Plastic  parts.-  Plastipi  parts  shall  be  used  only  with  the  approval' 
of  the  procuring  agency  for  each  application. 

3.3  Parts.-  Standard  parts  selected  in  accordance  with  Section  2  shall 
be  used  wherever  they  are  suitable  for  the  purpose,  and  shall  be  identified 

on  the  drawing  by  their  part  nianbers.  Commercial  utility  parts  such  as  screws, 
bolts,  nuts,  cotter  pins,  etc.,  may  be  used,  provided  they  possess  suitable 
properties  and  are  replaceable  by  approved  standard  parts  without  alteration 
and  provided  the  approved  standard  part  is  referenced  in  the  parts  list  and, 
if  practicable,  on  the  contractor's  drawings. 
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3.4  Design  and  construction 

3.4.1  Envelops.-  The  external  configuration,  dimensions,  and  other  details 

of  the  design  shall  conform  to  the  requirements  of  this  specification,  MS _ 

and  applicable  drawings. 

3.4.2  Filter  elements 

3. 4. 2.1  Degree  of  filtration.-  The  filter  element  shall  be  capable  of 
removing  100  percent  of  the  particles  over  15  microns  and  90  percent  of  the 
particles  under  15  microns  in  size  by  weight,  when  tested  per  4.6.8  and 
4.6.12. 

3. 4. 2. 2  Element  patching.-  When  the  element  is  of  the  type  wherein  resinous 
or  any  other  material  is  used  for  elimination  of  imperfections,  no  more  than 

five  percent  of  the  filtering  area  of  the  element  shall  be  covered  by  the 
material.  Filter  element  media  having  an  initial  bubble  point  of  less  than 
3  inches  of  water  before  repair  shall  be  unacceptable.  When  resin  is  employed 
for  Joining  or  patching,  the  application  technique,  curing  cycle  and  procedures 
followed  to  insure  adhesion  of  the  resin  shall  be  approved  by  the  procuring  activity. 

3. 4. 2. 3  Element  collapse  pressure.-  The  elements  shall  be  capable  of 
withstanding  a  differential  pressure  of  6,000  psl  when  tested  per  4.6.11. 

3. 4. 2. 4  All  filter  elements  shall  be  subjected  to  the  bubble  point  test 
and  shall  meet  the  initial  bubble  point  value  established  during  qualification 
of  the  initial  filter  elements,  when  tested  per  4.6.3. 

3.4.3  Alignment.-  All  plungers,  poppets,  balls,  pistons,- etc. ,  shall  be 
guided  to  prevent  misalignment  or  chattering  on  their  seats. 
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3.4.U  Automatic  shut-off.-  The  filter  assemblies  shall  include  a 
shut-off  which  will  block  all  fluid  passages  when  the  filter  sump  and 
element  are  removed.  The  leakage  rate  through  the  shut-off  shall  not  exceed 
the  values  specified  in  Table  I,  when  tested  per  4.6.5. 


TABLE  I- 

LEAKAGE  RATE  WITH  FILTER  SUMP  AND 
FILTER  ELEMENT  REMOVED 


FILTER 

PRESSURE 

LEAKAGE  RATE 

CLASS 

PSI 

MAX.  DROPS/MIN. 

1 

50 

8 

4,000 

8 

2 

50 

10 

4,000 

10 

3 

50 

12 

4,000 

12 

3.4.5  Hydratilic  fluid.-  The  filter  assemblies  shall  be  designed  for 
operation  with  hydraulic  fluid  conforming  to  Specification  MIL-H-8446. 

3.4.6  Temperature  range.-  The  filter  assemblies  shall  be  designed  to 
meet  the  functional  and  operational  requirements  of  this  specification  throughout 
a  fluid  temperature  range  of  -65®F  to  450‘’P  and  an  ambient  temperature  range 

of  -65"P  to  650®F.  The  filter  assemblies  shall  be  capable  of  withstanding 
1,000  hours  of  operation  at  450‘’F. 

3*4.7  Threads.-  Only  class  3  threads  confoiming  to  Specification  MIL-S-774?? 
shall  be  used. 


I 
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3.4.8  Seals,-  Seals  shall  be  of  metallic  construction  and  shall  bn 
approved  by  the  procuring  agency, 

3.4.9  Sofetylng.-  Threaded  parts  shall  be  positively  locked  or  safetled 
by  safety-wiring,  gelf-locklng  nuts,  or  other  approved  methods.  Safety  wire 
shall  be  applied  in  accordance  with  Standard  Dra^lings  MS-33540  and  MS-P0995. 

3.4.10  Retainer  rings.  -  ,  Except  where  they  nre  Positively  retained  from 
being  dislodged  from  their  grooves,  retainer  or  snapi  rings  shall  not  be  used 
in  hydraulic  equipment  where  failure  of  the  ring  will  allow  blow  apart  or 
Jamming  of  the  valve. 

3.4.11  Structural  strength.-  The  filter  assemblies  shall  have  sufficient 
strength  to  withstand  all  comblaatlons  of  loads  resulting  from  hydraulic 
pressure,  temperature  variations,  and  Installation. 

3.4.12  V/el^t.-  The  weight  of  the  filter  assemblies  shall  be  kept  to 

f 

a  minimum  consistent  with  good  design,  and  shall  be  as  specified  on  the 
applicable  drawing. 

3.4.13  Motmtlng  position.-  The  filter  assemblies  shall  satisfy  the 
performance  requirements  when  mounted  In  any  position. 

3.4.14  Flow  control.-  The  filter  assemblies  shall  be  of  the  full-flow 
type  and  shall  be  designed  to  pass  rated  flow  per  1.2  from  Inlet  port  to 
outlet.  Flow  through  the  filter  elements  shall  be  from  outside  -  in. 

3.4.15  Surface  roughness,-  Surface  roughness  finishes  shall  be  established 
and  shall  be  specified  on  the  manufacturer's  assembly  drawings  as  outlined 

in  M3J,-STD-10. 

3.5  Interchangeability 

3.5*1  Manufactiwer's  parts.-  All  parts  having  the  same  manufacturer's 
part  number  shall  be  directly  and  completely  Interchangeable  with  each  other 
with  respect  to  Installation  and  performance.  Changes  In  manufacturer's  part 
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numbers  shall  be  governed  by  the  drawing  nuinber  requirements  of  Specification 
MIL-D-70327.  Subassemblies,  composed  of  selected  mating  components,  must  be 
interchangeable  as  assembled  units,  and  shall  be  so  indicated  on  the  manufaeturer* s 
drawings.  The  Individual  components,  except  filter  elements,  of  such  assembled 
•units  need  not  be  interchangeable. 

3.5*2  Maintainability.-  Modular  filter  assemblies  shall  be  self-contained 
components  such  that  an  assembly  may  be  removed  from  one  housing  and  inserted 
-Into  another  without  any  detail  disassembly,  readjustment,  or 
impairment  of  function.  The  design  of  the  filter  assemblies  sh  11  be  such 
that  the  elements  may  be  removed  for  service  and  Inspection  without  , disconnecting 
fittings  or  disturbing  mountings.  The  design  shall  be  such  that  if  -fche  filter, 
element  is  reversed,  it  shall  be  impossible  to  assemble  the  filter.  Calculations 
shall  be  included  as' part  of  the  test  report  indicating  the  maximum  possible 
air  incltision,  assuming  the  filter  bowl  is  filled  with  fluid  prior  to  assembly.  The 
maximum  calculated  air  inclusion  shall  not  exceed  2  cc  of  free  air. 

3.6  Identification 

3.6.1  Filter  assemblies.-  Each  filter  assembly  shall  have  the  identifying 
markings  placed  so  that  the  identification  can  be 

read  when  the  assembly  is  installed  in  a  manifold  cavity.  Each  assembly  shall  be 
permanently  and  legibly  marked  with  the  following  information,  per  MlL-M-7911* 
Filter,  assembly 

MS  No. _ and  direction  of  flow 

Manufacturer's  Part  No. 

Manufacturer's  Name  or  Trademark 
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3.6.2  Filter  element.-  Each  replaceable  filter  element  shall  have  the 
following  information  permanently  and  legibly  marked  in  a  suitable  place.  The 
method  of  marking  shall  be  such  that  the  filter  element  shall  meet  the 
requirements  of  this  specification. 

MS  No, 

Manufacturer's  Part  No.  and  Serial 
Manufacturer's  Name  or  Trademark 
Cleanable 

3 . 7  Workmanship 

3.7.1  Quality.-  Workmanship  shall  be  of  sufficiently  high  quality  to 
insure  satisfactory  operation  and  service  life.  The  manufacturer  shall  exercise 
extreme  care  in  fabricating,  assembling,  handling,  and  packaging  filter 
assemblies  to  assure  that  the  components  are  clean  and  free  of  contaminant..  All 
parts  shall  be  free  ,from  pits,  rust,  scrapes,  splits,  cracks,  burrs,  and  sharp 
edges . 

3.7.2  Physical  defect  ini^ection.-  All  magnetizable  hi^ly  stressed  parts 
shall  be  subjected  to  magnetic  inspection  in  accordance  with  Specification 
MIL-I-6868.  Cracks  cr  other  injurious  defects  disclosed  by  the  inspection 
shall  be  cause  for  rejection.,.  All  non-magnetizable  highly  stressed  parts 
shall  be  subjected  to  fluorescent  penetrant  Inspection  in  accordance  with 
Specification  MIL-I-6866.  Cracks  or  other  injurious  defects  disclosed  by 

the  inspection  shall  be  cause  for  rejection. 

*"3.8  Performance 

3.8.1  Operating  pressure.-  The  filter  assemblies  shall  be  designed  to 
insiure  satisfactory  operation  and  service  life  throu^out  the  pressure  range  from 
0  to  4,000  pel,  when  tested  per  4.6.7.  The  assemblies  shall  be  capable 
of  operation  at  pressures  to  6,000  psi. 
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3.B.2  Proof  pressure.-  The  filter  assemblies  shall  be  designed  to 

f 

withstand  a  proof  pressure  of  6,000  psi,  when  tested  per  ^.6.2,  and  there 
shall  be  no  evidence  of  external  leakage  permanent  set  or  other  damage. 

3.8.3  Burst  pressure.-  The  filter  assemblies  shall  be  designed  so  as  not  to 
burst  at  any  pressure  belovr  10,000  psi,  when  tested  per  4.6.15. 

3.8.4  Pressure  drop.-  The  pressure  drop  of  the  filter  assemblies, 
without  the  elements,  shall  not  exceed  I5  psi  at  rated  flow,  when  tested 
per  4.6.4.  A  free-flow  dummy  element  shall  be  installed  to  hold  open  the 
automatic  shut-off. 

3.8.5  Differential  pressure  indicator.-  Filter  assemblies  shall 

\ 

Incorporate  an  integral,  non-electr1cal ,  pressure  vrarning  device. 

3. 8. 5.1  Actuation.-  When  the  differential  pressure  across  the 
element  exceeds  80±10  psi,  a  noticeable,  red  indicator  shall  raise  or  extend 
from  the  assembly.  The  indicator  shall  remain  in  view,  once  actuated,  until 
manually  reset,  when  tested  per  4.6.6  and  4,6.7. 

3.8. 5 .2  Reset  position.-  The  indicator  shall  be  hidden  from  view  in  the 
reset  position  and  shalll  not  be  operable  below  3<5'’Ft20'’F,'  when  tested  per  4.6.6. 

3.8. 5.3  The  indicator  shall  be  capable  of  1,000  cycles  of  repetitive 
operation,  when*tested  per  4.6.7* 

3.8.6  Filter  element  bubble  point  value.-  The  initial  bubble  point 

ft 

value  shall  be  established  by  the  activity  responsible  for  qualification.  The 
bubble  point  value  shall  be  the  lowest  initial  bubble  point  of  the  elements,  when 
tested  per  4.6.3.  Filter  elements  submitted  for  acceptance  test  shall  equal  or 
exceed  the  established  bubble  point  value  or  be  rejected]  when  tested  per  4.6.3. 
The  bubble  point  of  an  element  shall  not  be  reduced  as  a  result  of .performing 
any  of  the  qualification  tests  except  the  collapse  pressure  test. 
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3.8.7  Impusle  cycling.-  Filter  assemblies  shall  be  designed  to 
withstand  100,000  impusle  cycles,  when  tested  per  14-.6.9  and  there  shall  be  no 
evidence  of  external  leakage  or  structural  failure. 

3.8.8  Flow  fatigue.-  With  the  filter  element  loaded  with  AC  fine 
test  dust,  the  filter  assembly  shall  be  capable  of  withstanding  100,000 
pressure  -  flow  cycles  without  damage,  when  tested  per  l4-,6.10. 

3.8.9  Vibration.-  The  filter  assemblies  shall  be  capable  of  withstanding 
■vibrations  from.  50  to  500  cps  at  10  g's  in  each  of 

the  three  miitually  perpendicular  planes,  when  tested  per  t.6.lh. 

3.8.10  Cold  start.-  The  filter  assemblies  shall  be  capable  of  satisfactory 
operation  with  hydraulic  fluid  at  a  minimum  viscosity  of  2200  centistokes, 

when  tested  per  4.6.13. 

4.  QT'ALITY  ASSURANCE  PROVISIONS 

4.1  Inspection  responsibility.-  Unless  otherwise  specified  herein,  the 
manufacturer  is  responsible  for  the  performance  of  all  inspection  requiren^nts 
prior  to  submission  for  Government  inspection  and  acceptance.  Except  as  othenvlse 
specified,  the  manufacturer  may  utilize  his  own  facilities  or  any  commercial 
laboratory,  acceptable  to  the  Government.  Inspection  records  of  the 
examinations  and  tests  shall  be  kept  complete  and  available  to  the  Government 

as  specified  in  the  contract  or  order. 

4.2  Classification  of  tests.-  The  inspection  and  testing  of  filter 
assemblies  shall  be  classified  as  follows; 

(a)  Qualification  tests 

(b)  Acceptance  tests 

f 

4.3  Qualification  tests 
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4.3.1  Sampling  Instructions 

4. 3. 1.1  Filter  assemblies.-  Samples  of  filter  nssembllea 'for  qualification  • 
tests  shall  consist  of  one  specimen  of  each  class  of  filter  assembly  upon 
which  qualification  is  desired. 

4. 3. 1.2  Filter  elements.-  Three  filter  elements  of  each  class  shall 
•be  selected  for  qiialificatlon  tests.  The  number  three  element 

of  each  set  shall  be  the  element  having  the  Icwest 

initial  bubble  point  value  and  the  number  two  element  of  each  class  sot  shall 
be  the  element  having  the  highest  Initial  bubble  point  value.  The  remaining 
element  shall  be  the  number  one  felement.  One  of  the  three  elenents  shall  he 
the  element  included  In  the  filter  asaembly  sample  of  paragraph  4. 3. 1.1. 

4. 3. 1.3  The  specimens  shall  he  assembled  of  parts  which  conform  to 
oianufacturer*s  drawings. 

'  I 

4. 3. 1.4  The  manufacturer  shall  provide  calculations  showing  that  adequate 

•  .  *  * 
clearance  of  moving  parts  Is  provided  at  -65*^  and  450*’F  using  the  most 

adverse' dimensions.  The  room  temperature  reference  point  shall  be  TO^F. 

4.3.2  Tests.-  The  qualification  tests' shall  consist  of  the  following 

tests  which'  shall  be  conducted  in  the  order  listed. 

•  ,  • 

(a)  Examination  of  product  per  4.6.1. 

(h)  Bubble  point  per  4.6.3. 

(c)  Proof  pressure  per  4.6.2. 

(d)  Pressure  drop  per  4.6.4. 

(e)  Extreme  temperature  performance  per  4.6.6. 

,  ’  -A 

(f)  Differential  pressure  indicator  operation  per  4.^.7. 

■(g)  Automatic  shut-off  leakage  per  4.6.5. 

(jv)  Degree  of  filtration  pef  4.6.8. 
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(i)  Impulse  per  4.6.9. 

(j)  Flow  fatigue  per  U.6.10. 

(k)  Pressure  build-up  and  collapse  per  4.6.11. 

(l)  Largest  particle  passed  per  4.6.12. 

(m)  Cold  start  test  per  4.6.13. 

(n)  Media  migration  and  vibration  4.6.14. 

(o)  Burst  pressinre  4.6.15. 

4.4  Acceptance  tests.-  Acceptance  tests  shall  be  perfonned  on  individual 
filter  assemblies  or  lots  which  have  been  submitted  under  contract  to 
determine  conformance  of  the  assemblies  or  lots  with  requirements  set  forth 

in  this  specification  prior  to  acceptance.  Each  filter  assembly  shall  be  . 
subjected  to  the  following  tests : 

(a)  Examination  of  product  per  4.6.1. 

(b)  Bubble  point  per  4.6.3. 

(c)  Proof  pressure  per  4.6.2. 

(d)  Differential  pressure  indicator  operation  per  4,6.7. 

(e)  Pressure  drop  per  4.6.4. 

(f)  Automatic  shut-off  leakage  per  4.6,5. 

4.5  Test  conditions 

4.5.1  Test  fluid.-  The  test  fluid  shall  conform  to  Specification 
MIL-H-8446. 

4.5.2  Fluid  temperature.-  If  the  fluid  teraperatiare  is  not  otherwise 
specified  for  a  given  test,  it  shall  be  95tl5”F  for  tliat  particular  test. 

The  outlet  fluid  temperature  shall  be  specified,  and  the  inlet  fluid  temperature 
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may  be  reduced  to  compensate  for  heat  generation.  The  fluid  temperature  shall 
be  measured  as  near  as  practicable  to  the  filter  assembly  ports.  During  all 
soaking  periods,  the  component  shall  be  bled  of  air  and  inert  gas  and  maintained 
full  of  fluid. 

4.5.3  Test  hous ing 

4. 5. 3.1  Qualification  test  housing.-  All  tests  in  4.3.2  shall  be 
conducted  in  a  thin  wall  test  housing  which  is  contoured  externally  to  follow  the 
cavity  and  which  is  acceptab^le  to  the  procuring  agency. 

4. 5. 3. 2  Acceptance  test  housing.-  The  tests  in  4.4  may  be  conducted  in 

the  qualification  test  housing  or  in  a  housing  having  other  external  configuration. 

4.6  Test  methods 

4.6.1  Examination  of  product.-  The  filter  assembly  and  elements  shall  be 
carefully  examined  to  determine  conformance  with  the  requiremet-fco  of  this 
specification  for  weight,  workmanship,  marking,  envelope,  defects  and  conformance 
of  dimensions  of  detail  parts  to  the  manufacturer's  drawings.  The  determination 
of  surface  finish  shall  be  made  with'  a  prof ilometer ,  comparator  brush  analyzer, 

or  equally  suitable  comparison  equipment  with  an  accuracy  of  ±5  micro-inches  at  the 
level  being  measured. 

4.6.2  Proof  pressure  test.-r  With  the  outlet  port  of  the  filter  assembly 
plugged,  pressure  shall  be  applied  to  the  inlet  port  at  the  rate  not 
exceeding  25,000  psi  per  minute  until  60OO  psi  is  reached.  This  proof  pressure 
shall  be  held  for  at  least  two  minutes.  There  shall  be  no  external  leakage, 
permanent  set,  or  other  damage.  For  qualification,  the  components  and  the  fluid 
shall  be  stabilized  at  a  temperature  of  450'’F±15'’F.  Acceptance  test  temi)erature 
shall  be  95'’F±15'’F. 
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14-.6.3  Bubble  point  test.-  Tne  test  element  containing  no  oil  is  Installed  in 
a  set-up  similar  to  that  shown  in  Figure  1.  Fluid  level  is  to  be  maintained 
1/2"  above  the  top  of  the  test  element.  The  air  pressure  within  the  element 
is  raised  In  small  increments  and  the  element  is  slovrly  rotated  360°  at  each 
.pressure  increment.  The  area  of  greatest  porosity  is  determined  by  observing 
the  first  bubble  on  the  surface  of  the  element >  and  the  manometer  reading  in 
inches  of  water  at  which  this  bubble  emits  from  the  surface  of  the  element 
is  recorded.  This  is  the  initial  bubble  point.  The  initial  bubble  point  for 
all  elements  shall  be  determined  and  recorded.  The  fluid  used  shall  be  Solox  I90 

or  equivalent.  The  bubble  test  shall  be  accomplished  within  a  period  of  10 
minutes.  The  fluid  temperature  shall  be  95  15°F  for  this  test.  The  lowest 

^  recorded  initial  bubble  point  shall  be  the  value  for  acceptance  testing  filter. 

elements.  No  element  submitted  to  acceptance  bubble  tests  shall  be  higher 
than  this  'value. 

I4-.6.4  Pressure  drop  test  (using  a  free-flow  dummy  element).-  With  rated 
flow  (Pef.  paragraph  1.2)  through  the  filter  assembly  the  pressure  drop  shall 
not  exceed  15  psi.  The  fluid  temperature  shall  be  95^15°F  for  this  test. 

4.6.5  Automatic  shut-off  leakage  test.-  Fifty  (50)  psi  shall  be  applied 
to  the  inlet  and  the  outlet  ports  of  the  filter  test  housing,  simultaneously. 

The  filter  sump  and  filter  element  shall  be  removed  and  the  leakage  recorded. 

The  pressure  shall  be  held  for  a  5  minute  period  and  the  leakage  measured  during 
the  last  3  minutes  of  the  5  minute  period.  The  procedure  shall  be  repeated 
5  times,  and  the  rate  of  external  leakage  shall  not  exdeed  the  values  specified 
in  Table  I  .  With  the  sump  and  element  removed  from  the  assembly,  4  000  psi 
shall  be  applied  to  the  inlet  and  the  outlet  passages  for  a  5  minute  period 
with  the  leakage  measuring  period  consisting  of  the  last  3  minutes.  The  rate 
of  leakage  shall  not  ejtceed  the  values  specified  in  Table  1. 
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l+.6.,6  Extreme  temperature  performance  test  (using  a  dxanmy  element). - 
The  filter  assembly  shall  be  soaked  at  a  temperature  not  warmer  than  ~65‘’F  for 
8  hours.  At  the  end  of  this  period,  a  pressure  of  90  psi  shall  be  applied  to 
the  inlet  port  of ‘the  unit  and  held  for  10  minutes,  with  the  outlet  port  vented 
to  atmosphere.  The  differential  pressure  indicator  shall  not  actuate.  Proof 
pressure,  6OOO  psi,  shall  be  applied  to  the  inlet  port  and  the  indicator  shall  ftfirfc 
actuate.  A  pressure  of  90  psi  shall  be  applied  to  the  unit  with  the  outlet 
port  vented  to  atmosphere.  The  temperature  of  the  fluid  shall  be  warmed  up 
rapidly  and  the  temperature  at  which  the  differential  pressure  indicator 
actuates  shall  be  measured  and  shall  be  30t20°F.  The  pressure  shall  then  be 
reduced  to  zero  while  the  temperature  is  increased  to  U50±15  °F.  The  pressure  shall 
then  be  slowly  increased  until  the  indicator  actuates  and  this  indicator 
operating  pressure  'shall  be  within  the  range  of  80tl0  psi. 

h.S.'J  Differential  pressure  indicator  operation  test  (using  a  dummy 
element) . 

4. 6.7.1  Low  system  pressure.-  With  the  element  port  plugged  and  the  outlet 
port  vented  to  atmosphere,  increase  the  pressure  at  a  rate  of  20  psi  per  minute  at 
the  inlet  port  of  the  filter  until  the  pressure  indicator  actuates  fully,  This 
shall  be  considered  the  indicator  operating  pressure,  and  shall  occur  at  8O+IO  psi. 
The  inlet  pressure  shall  then  be  reduced  to  zero  and  the  indicator  raanmlly 
reset.  The  pressure  shall  then  be  cycled  1000  times  at  any  practical  rate  from 
0  to  90  psi  and  back  to  0  psi.  The  indicator  shall  require  and  shall  be  reset 
at  the  end  of  each  cycle.  The  indicator  operating  pressure  shall  be  checked 
following  cycling  and  shall  occur  at  80tl0  psi. 
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.  4. 6. 7* 2  High  system  iJressure.-  The  element  port  shall  be  blocked  with  a 
plug  containing  an  orifice  designed  to  provide  rated  flow  at  90  psi  differential 
pressure  across  the  orifice.  The  outlet  port  of  the  filter  shall  be  throttled 
.to  provide  rated  flow  at  4000  psi  inlet  pressure.  The  flow  shall  be  cycled 

from  zero  to  rated  flow  and  the  differential  pressure  at  which  the  indicator 

• 

fully  actuates  shall  be  noted.  This  shall  occur  at  a  differential  pressure 
of  80±10  psi.  The  inlet  pressure  shall  then  be  raised  to  4000  psi  and  dropped 
to  0  psi.  The  indicator  shall  remain  in  the  "up  position  throughout  the 
pressure  range  of  0  to  4000  psi.  The  indicator  shall  then  be  manually  reset. 
This  cycle  shall  be  repeated  1000  times.  The  differential  pressure  indicator 
operating  pressure  at  4000  psi  inlet  pressjjre  shall  then  be  rechecked  and  shall 
occur  at  80±10  psi. 

4. 6. 7, 3  Differential  pressure  indicator  acceptance  test.-  By  using  a  hand 
pump,  slowly  increase  the  pressure  at  the  inlet  port  of  the  filter  assembly 
until  the  pressxire  indicator  actuates  fully  and  locks.  This  shall  be  the 
Indicator  operating  pressure  and  shall  occur  at  80±10  psi.  Reduce  pressure 
to  0  psi.  At  0  psi,  the  indicator  shall  remain  iocked  in  the  "UP"  position. 

The  differential  pressure  shall  then  be  raised  to  4500  psi  and  dropped  to  0  psi. 
The  indicator  shall  remain  in  the  locked  "ITP"  position  throughout  the  pressure 
range  from  0  psi  to  4500  psi  to  0  psi.  The  flag  shall  then  be  manually  reset. 
The  fluid  temperature  shall  be  95415°F  for  this  test. 

4.6.8  Degree  of  filtration.-  It  is  of  primary  importance  that  the 
hydraulic  fluid  and  air  used  in  the  degree  of  filtration  test  be  clean  and 
filtered  prior  to  test.  Figure  2  shows  a  degree  of  filtration  test  set-up  with 
a  clean-up  device  attached. 
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Test  procedure  for  detenuinatlon  of  oil  cleanliness 

A.  llTe  clean-up  apparatus  consisting  of  needle  valve,  millipore 
holder,  millipore  disc  (Type  HA,  1"  diameter)  manometer,  flowmeter  and  low  flow 
pump  with  adjustable  Internal  by-pass  shall  be  Installed  on  the  test  stand  similar 
■to  the  set-up  shown  in  Figure  2. 

B.  A  constant  flow  with  at  least  periodic  agitation  of  the  contaminant 
mixing  chamber,  at  a  ihinlmum  pressure  differential  of  100  psl  across  the  millipore 
filter  assembly  shall  be  established  and  nnintalned  for  30  minutes. 

C.  The  pressure  drop  across  the  millipore  fixture  shall  be  recorded 
at  the  beginning  and  end  of  the  flow  period. 

D.  The  variation  in  pressure  drop  as  recorded  shall  not  exceed  jjo  of 
■bhe  initial  value.  If  the  variation  exceeds  5^  the  system  shall  be  recleaned* 

,1 

U«6',8.2  Filter  elements.-  Degree  of  filtration  for  filter  elements  shall  be 
determined  as  shown  in  the  follovfing  procedure: 

.  A.  A  set-up  shall  be  nade  as  shown  in  Figure  2  without  the  filter 
elenants  Installed  In  the  test  housing, 

B.  2000  ml  of  pre -filtered  hydraulic  fluid  shall  be  flushed 
•through  the  contaminant  mixing  chamber  and  the  fil-ter  housing  and  discarded. 
Itepeat  this  operation. 

C.  2000  ml  of  previously  filtered  hydraulic  fluid  shall  be  added 
tshrough  the  plug  valve  "A" .  Element  number  1  shall  be  Installed  in  the  filter 
housing. 

D.  •  The  fluid- shall  be  checked  in  accordance  with  4. 6. 8.1. 

E.  Valve  "B"  shall  be  closed. 
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F*  A  5  ml  slurry  containing  O.32,  O.T5>  and  I.30  for  the 
class  If  2,  and  3  filter  assemblies,  respectively,  shall  be  added  to  the ■ 
fluid  through  a  small  funnel  Inserted  in  the  plug  valve  "A”.  The  contaminant 
shall  be  A/P.M.  F-9  beads  (See  Figure  5)* 

G.  The  contaminant  shall  be  uniformly  distributed  by  churning 
the  hydraulic  fluid  for  5  minutes  with  an  agitator. 

H.  Plug  valve  "A"  shall  be  closed  and  the  glass  chamber  containing 
hydraulic  fluid  and  contanfinant  shall  be  pressurized  by  the  air  regulator.  The 
air  regulator  is  used  to  maintain  flow.  Sufficient  air  pressure  shall  be 
employed- to  maintain  rated  flow. 

I.  Gate  valve  "B"  shall  be  opened  and  air  pressure  shall  force  fluid 

con-taining  con-taminant  through  sample  filter  assembly.  This  filtrate  shall  be 

'Collected  in  a  5000 ^  ml  beaker.  2000  ml  of  jietroleum  ether  (B.Pv  95  ”  13P“F)  shall 
* 

then  be  washed  through  the  contaminant  mixing  chamber  and  test  filter  assembly 
using  a  suitable  wash  bottle.  The  wash  fluid  shall  be  collected  in  the  same 
5000  ml  beaker. 

J.  A  millipore  filter  paper  disc  (Type  kA<0h'j)  shall  be  washed  with 
200  ml  of  petroleum  ether  and  dried  to  constant  weight  at  125®F.  The  weights  shall 
be  accurate  to  0.1  mg. 

K.  The  weighed  filter  paper  is  assembled  into  filter  holder  assembly 
(see  Figure  4)  and  fitted  to  a  5OOO  ml  vacuum  flask  connected  to  a  suitable  vacuum 
pump  (min  25"  of  Hg  -vacuum). 

L.  All  fluid  passed  through  the  test  filter  is  filtered  through  the 
millipore  disc.  500  cc  of  petroleum  ether  (B.P,  05  -  130*F)  previously  filtered 
in  the  above  manner  is  used  to  wash  the  millipore  disc. 


Filter  Elements 
Page  19  of  10 

M.  Maintaining  vacuum,  the  top  half  of  filter  funnel  assemhly  is  removed. 
The  filter  paper  is  now  exposed  for  further  washing. 

N.  With  a  wash  bottle  of  filtered  petroleum  ether  (B.P.  95  -  130“?)  the 
rlra  of  the  filter  paper  is  gently  washed  to  remove  the  traces  of  oil  being 
careful  not  to  disturb  the  cake.  Vacuum  must  be  maintained  during  the  above 

►operation. 

O.  The  vacuum  is  shut  off  and  the  filter  paper  removed.  It  is  dried  to  a 
constant  weight  at  125°F  and  weighed  to  a  tenth  of  a  milligram.  The  difference 
between  the  filter  paper  weight  before  and  after  the  above  procedure  is  the 
wfeight  of  contaminant  passing  through  the  test  filter,  B  in  formula  below. 

The  above  test,  with  the  element  removed,  shall  be  repeated  ^  times  for  U 
separate  contaminant  add  values  (A  in  formula  below) .  Oil  cleaned  to  a  level 
that  conforms  with  lt-i6.8.1  shall  be  used  for  each  test.  The  contaminant 
collected  shall  be  the  add  value  and  shall  be  used  in  the  calculation  of 
degree  of  efficiency.  It  shall  be  the  average  of  these  4  runs,  A  system 
blank  value  shall  be  obtained  by  repea •*ing  steps  A  through  0  above  with  the 
filter  element  installed  and  no  contaminant  added.  This  blank  value  shall 
be  the  value  C  in  the  efficiency  formula  below; 

io  removal  =  A  -  (B-C)  x  100 

A 

No  one  of  the  4  add  values  shall  be  less  than  95^  by  weight  of  the  contaminant 


introduced. 
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P.  The  filter  assembly  shall  remove  92^  by  weight  of  the  contaminant 
add  value.  This  is  equivalent  to  100^  removal  of  particles  over  15  microns  and 
90^  removal  of  particles  under  15  microns  in  size  by  weight. 

4.6.9  Impulse.-  Filter  assembly  (using  element  number  l)  shall  be 
.subjected  to  100,000  impulse  cycles  at  450tl5°F.  Each  Impulse  cycle  shall  consist 

of  a  pressure  rise  from  0  to  UOOO  psi  and  b  drop  to  0.  During  each  pressure 
Increase,  a  peak  surge  pressure  of  1.43  to  1.57  times  4000  psi,  as  shown  by 
an  oscilliscope,  shall  be  obtained.  The  impulse  time  (duration  of  impulse) 

Shall  be  r\o  longer  than  .05  seconds  and  the  rate  of  pressure  rise  shall  be 
a  minimum  of  50,000  psi  per  second.  Cycling  shall  be  performed  at  a  maximum 
rate  of  300  cycles  per  minute.  There  shall  be  no  evidence  of  external  leakage 
or  structural  failure  during  the  performance  of  this  test.  The  differential 

I  / 

pressure  indicator  shall  not  actuate  during  the  impulse  test. 

4.6.10  Flow  fatigue.-  Filter  element  (using  element  number  2)  shall  be 
installed  in  the  housing  and  subjected  to  pressure-flow  cycles  with  fluid  at 
450±15‘’F.  a  cycle  shall  consist  of  increasing  the  differential  pressinre  across 
the  element  from  0  to  the  maximum  specified  and  back  to  0.  by  first  increasing  then 
decreasing  the  flow  through  the  test  element  which  has  been  loaded  with  AC 

fine  teat  dust.  The  cycling  rate  shall  not  exceed  300  cycles  per  minute.  The 
number  of  cycles  at  each  differential  pressure  shrill  be  as  follows; 

Series  I  -  90,000  cycles  at  20  psi  drop 

Series  II  -  8,000  cycles  at  50  psi  drop 

Series  III  -  1,900  cycles  at  100  psi  drop 

Series  IV  -  100  cycles  at  4000  psi  drop 

r 

♦ 

There  shall  be  no  evidence  of  damage  as  a  result  of  this  test. 
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Pressure  build-up  and  collapse  pressure  test. 

.  A.  The  test  fluid  used  In  the  system  shown  on  Figure  3  shall  be 
precleaned  by  flowing  through  a  clean-up  filter  using  tte  test  procedure 
outline  in  paragraph  4. 6, 8.1,  A  clean-up  filter  shall  be  used  throughout  this  test 
unless  otherwise  nbted. 

B.  Element  number  2  shall  be  installed  in  the  filter  assembly. 

C.  The  pump  shall 'be  started,  valves  A  and  B  opened,  and  rated 
flow  attained  by-  adjusting  the  vari-drlve. 

D.  Standardized  fine  air  cleaner  test  dust  shall  be  added  through 
the  dust  valve  H  in  the  following  increments  at  ?  minute  intervals:  .09,  .19  and 

t 

.32  grams,  in  slurry,  for  Class  1,  2,  and  3  filter  assemblies,  respectively.  This 
test  dust  shall  have  the  following  composition: 

Size  of  Particle  Percent  by  Weight  of  Total 

'  0  to  5  microns  39+2 

t 

5  to  10  microns  I8  ±  3 

10  to  20  microns  Ks  t  3  . 

20  to  4o  microns  I8  -fc  3 

Over  4o  microns  9+3 

E.  After  each  dust  addition,  pressure  differential,  flow  and 

temperature  shall  be  recorded..  Dust  shall  be  added  until  the  maximum  weight  of  dust 

is  added  for  each.  These  shall  be  0.48,  1.12,  and  I.96  grams  for  class  1,2  and  3 

* 

filter  assemblies,  respectively.  Tlie  differential  pressure  across  the  filter 
assembly  shall Niot  exceed  90  psi.  The  pump  shall  not  be  stopped  during  the 
test.  Additional  dust  shall  V)e  added  until  a  differential  pressure  of  4o00psi 
is  obtained  across  the  element  at  rated  flow.  The  dirt  capacity  to  4o00  psi  shall 
be  noted  and  recorded.  ' 
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F.  Elements  shall  he  loaded  10  times  to  4000  psi  and  cleaned  10  times. 
After  the  final  cleaning,  the  dirt  capacity  to  4000  psi  shall  not  be  less  than 
gO^  of  the  original  dirt  capacity  to  4000  psi.  Elements  shall  be  cleaned  in 
accordance  with  recommendations  to  be  submitted  by  the  manufacturer. 

G.  As  the  fluid  is  being  circtilated  at  rated  flow  the  temperature 

shall  be  raised  to  450°F  and  the  collapse  pressure  of  the  element  shall  be  determined 
by  adding  additional  quantities  of  AC  Dust  to  the  test  system.  The  collapse 
pressure  of  the  element  shall  be  more  than  6000  psi, 

4.6.12  Largest  particle  passed  using  element  number  3* 

A.  A  degree  of  filtration  test  shall  be  conducted  in  accordance  with 
the  procedure  outlined  in  subparagraphs  A,  B,  C,  D,  and  E  of  4. 6. 8. 2  with  2000  ml  of 
hydraulic  fluid  and  0.05  grams  of  ARI  F-9  glass  beads. 

B.  The  effluent  shall  be  passed  throTigh  a  disc  of  AA  millipore  filter 


paper. 

C.  The  entire  disc  shall  be  scanned.  The  largest  bead  shall  be  no 
greater  than  15  microns  in  size. 

4.6.13  Cold  start  test  using  element  number  3.  Element  shall  be  loaded  with 
dirt  in  accordance  with  paragraph  >.6.11  until  the  differential  ’pressure  across  the 
element  reaches  gO  psi.  The  element  shall  then  be  subjected  to  a  total  of  10  flow 
cycles  at  150^  of  rated  flow  using  hydraulic  fluid  with  a  minimum  viscosity  of 
2200  centistokes^  except  that  the  flow  rate  shall  not  exceed  that  necessary  to 
obtain  a  differential  pressure  of  4000  psl  across  the  elenent.  Each  cycle 
shall  have  a  minimum  duration  of  10  seconds.  While  flowing  fluid  at  gO  to  lOO^F, 
additional  dust  shall  be  added  until  a  differential  pressure  of  4000  psi  is 
obtained  across  the  element  and  the  total  amount  of  dust  added  shall  be  noted. 
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The  dirt  capacity  to  UOOO  psl  shall  be  a  minimum  of  90^  of  the  dirt 

capacity  to  kOOO  psl  recorded  In  *i-.6.11. 

4.6*lh  Media  migration  and  vibration. 7  Tlie  test  filter  assembly  {tteing 

element  number  3)  shall  be  mounted  on  a  suitable  test  stand  and  the  oil  itt 

the  test  system  shall  be  precleaned  using  the  test  procedure  outlined  in  h*^6k8*l. 

The  filter  assembly  filled  to  the  top  of  the  element  with  a  suitable  fluid  sIbII 

be  maintained  at  t50  +  15"?  for  72  hours  before  vibrating.  The  asseslbly  shall 

be  coolpd  to  room  temperature  (^0  -  90“F)  and  vibrated  at  room  temperatust;  ito 

three  mutually  perpendicular  planes.  The  frequency  of  vibration  shall  bo 

varied  from  30  to  ^00  cps ^  with  one  pass  of  scanning  to  be  .at  least  13  nlnuteSf 

at  an  acceleration  of  lOgts  in  each  plane  with  any  resonant  frequencies  noted.  . 

The  filter  assembly  shall  be  vibrated  for  one  hour  at  each  of  these  rasettant 

freq,uencles«  If  no  resonance  is  encountered^  the  vibration  frequency  shall  be 

300  cps  for  one  hour  at  an  acceleration  of  10  g*8  in  each  plane*  The  diffarentisl 

pre88U3?e  indicator  shall  not  actuate  during  this  test*  At  the  eompletioii 

of  the  vibration  period  and  with  the  test  puuq;>ing  system  and  valves  {reset 

to  give  rated  flow  through  the  filter^  the  system  shall  be  started  and  1  gallon 

of  fluid  passed  through  the  filter  and  effluent  collected.  The  sample  effluant 

% 

Shall  be  completely  filtered  through  AA  mlllipore  paper  (t7  am  disc)  and  the 

amount  collected  and  scanned  under  a  microscope.  There  shall  be  no  migration 

•  * 
traceable  to  the,  element  or  its  packaging.  ■ 

4*6il3  Burst  pressure*-  Using  element  number  3  and  with  the  outlet  port 

I 

pluggedi , pressure  shall  be  applied  to  the  inlet  port  at  a  rate  not  to  exceed  23^^ 
psi  per*  minute  until  10,000  psi  Is  reached*  Filter  assemblies  shall  show  no 
signs  of  'rupture  of  exteztal  or  internal  parts  when  this  pressure  is  held  for 
2  minutes*  The  fluid  temperature  shell  be  9^  i  13*F  for  this  test* 
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5.  PREPARATION  FOR  DELIVERY 

5.1  Preservation  and  -paclcaglng.-  Each  filter  assembly  shall  be  filled  with 
hydraulic  fluid  conforming  to  MIL-H-8)+)+6.  All  internal  surfaces  of  components 
shall  be  completely  coated  with  fluid  and  then  drained  to  the  drip-point  prior 

to  sealing.  The  component  or  assembly  shall  then  be  wrapped  or  bagged  in  grade  A 
greaseproof  paper  conforming  to  Specification  MIL-B-121  and  sealed  with  tape 
conforming  to  Specification  PPP-T-60.  Each  wrapped  component  or  assembly  shall  be 
packaged  in  accordance  with  the  manufacturer's  commercial  practices. 

5.2  Marking  of  shipments.-  Interior  packages  and  exterior  shipping 
containers  shall  be  marked  in  accordance  with  Standard  MIL-STD-129)  and  shall 
include  the  following: 

Stock  No.  as  specified  in  the  purchase  document 
Name  of  part 
MS  part  No. 

Month  and  year  of  manufacture 
Class  or  size 

6,  NOTES 

6.1  Intended  use.-  The  filter,  assemblies  covered  by  this  specification 

/» 

are  intended  for  use  in  4,000  psi  nominal  aircraft  and  missile  hydraulic  systems 
covered 'by  Specification  MIL-H-889I,  and  operating  with  hydraulic  fluid 
conforming  to  Specification  MIL-H-8!j46.  The  filter  assembly  is  further  intended 
for  use  in  a  manifolded  or  packaged  type  system. 

6.2  Ordering  data.-  Procurement  documents  should  specify  the  following: 

(a)  Title,  number  and  date  of  this  specification. 

(b)  MS  part  number, 

(c)  Class 

(d)  Federal  stock  number. 
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6.3  Qualification.-  With  respect  to  products  requiring  qualification, 
awards  will  be  made  only  for  such  products  as  have,  prior  to  the  time  set  for 
opening  of  bids,  been  tested  and  approved  for  inclusion  in  the  applicable 
Qualified  Products  List  whether  or  not  such  products  have  actually  been  so 
listed  by  that  date.  The  attention  of  the  suppliers  is  called  to  this 
requirement,  and  manufacturers  are  urged  to  arrange  to  have  the  products  that 
they  propose  to' offer  to  the  Federal  Government,  tested  for  qualification,  in 
orl-:r  that  they  may  be  eligible  to  be  awarded  contracts  or  orders  for  the 
products  covered  by  this  specification.  The  activity  responsible  for  the 
Qualified  Products  List  is  the  Bureau  of  Naval  Weapons,  Navy  Department, 
Washington  25,  D.  C.j  however,  Information  pertaining  to  qualification  of 
products  may  be  obtained  for  the  Commanding  Officer,  U.  S.  Naval  Air  Material 
Center,  Naval  Base,  Philadelphia  12,  Pennsylvania. 

NOTICE !  When  Government  drawings,  specifications,  or  other 

data  are  used  for  any  purpose  other  than  in  connection 
with  a  definitely  related  Government  procurement 
operation,  the  United  States  Government  thereby  Incurs 
no  responsibility  nor  any  obligation  whatsoever}  and 
the  fact  that  the  Government  may  have  formulated,  furnished, 
or  any  way  supplied  the  said  drawings,  specifications,  or 
'  other  data  is  not  to  be  regarded  by  Implication  or 

otherwise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or 
permission  to  manufacture,  use,  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto. 

Cxistodians;  '  Preparing  Activity; 

Navy  -  Bureau  of  Naval  Weapons 


Navy  -  Bureau  of  Naval  Weapons 
Air  Force 


Filter  Elements 
Page  27  of  30 


AGITATOR 

1,750  RPM  NEEDLE 


TYPICAL  SGHEIiATIC  FOR  FILTRATION  EFFICIENCY  DETERMINATION 


I 


IMMil 
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FIGURE  4 

EIFFL-UENT  FILTRATION  SET-UP 
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PARTICLE  SIZE  DISTRIBUTION  CURVE 
APMF-9  GLASS  BEADS 


CUMULATIVE  WEIGHT  FRACTION  -  PERCENT 
Points  on  the  line  indicate  portion  of  particles 
with  sizes  greater  than  diameter  noted 
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ADDENDUM  TO  SECTION  IV,  CONCLUSIONS 


At  the  tine  the  final  report  was  prepared  six  valves  were  still  under¬ 
going  qualification  tests.  Ihe  six  units  are  as  foUcws: 

1^  Relief  valve  -  23  OIM  -  Benbow  Manufacturing  Cooqiany 

2.  IVo  way,  two  position  selector  valve  -  23  OIM  -  ^/dro  Aire 
Oosqiany 

3.  Three  way,  two  position  selector  valve  -  23  OIM  -  Q/dro  Aire 
Cospany 

h.  Solenoid  operated  sequence  valve  -  12  OIM  -  ^dro  Aire  Coaipany 

3,  Four  way,  three  position  selector  valve  -  12  OFM  -  Rooson  RydrauHc 
Dhlta  Corporation 

6.  Priority  valve  -  4  ORH  -  Fluid  Regulators  Corporation 

Bach  of  these  units  had  been  plagued  with  developaent  problems  which 
delayed  the  start  of  qualification.  Several  major  design  changes  were  made 
In  each  valve.  This,  of  course,  required  that  new  hardware  be  fabricated 
each  tlsm  a  design  change  was  found  necessary.  The  problems  encountered 
were  typilcal  of  those  discussed  In  Section  III.  Ihe  costs  Incurred  by  the 
manufactiirers  of  these  units  rose  appreciably  because  of  the  prolonged  de¬ 
velopment  period. 

Only  item  3f  the  face  mounted  four  way  valve,  successfully  coaq>leted 
qualification  and  Is  recosnended  for  the  qualified  parts  list. 

Item  1,  the  pilot  operated  reli^^f  valve,  failed  in  the  endurance  test 
by  >inwging  In  the  open  position.  Ihe  cause  of  failure  appeared  to  be 
dimensional  Instability  of  valve  body  and  slider;  therefore,  a  second  valve 
was  fabricated  adhering  to  the  heat  treating  practices  discussed  In  Section 
III.  This  unit  was  subjected  to  the  entire  series  of  qualification  tests 


only  to  fall  during  the  last  portion  of  vibration  test.  Once  again  galling 
had  occurred.  The  valve  had  an  extremely  flat  flow  versus  pressure  drop 
curve.  While  the  unit  holds  much  promise,  further  study  of  the  materials 
used  Is  needed  to  overcome  Its  tendency  to  gall. 

Items  2>  3>  dol  4  were  being  qualified  simultaneously  (in  the  sane 
aet  up),  but  each  experienced  failures.  Solenoid  failures  were  the  major 
problem  with  those  units.  Developnent  of  these  three  units  has  been 
temlnated  at  the  request  of  the  manufacturer. 

Item  6,  the  priority  valve,  entered  qualification  but  subsequently 
began  to  function  erratically.  Rework  and  further  development  did  not 
yield  a  valve  which  net  requirements  of  the  procurement  specification. 

One  sliding  member  within  the  valve  has  a  very  thin  wall  which  Is  sub¬ 
jected  to  unbalanced  pressures.  The  resulting  distortion  Is  sufficient  to 
bind  the  slider  and  mating  parts.  Developnent  has  been  cancelled  at  the 

I 

request  of  the  manufacturer. 

Hardware  produced  has  now  been  forwarded  to  the  Hydraulics  Laboratory 
at  the  U.S.  Ifaval  Air  Material  Center. 
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